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Elizabeth Federico
This season's Carolina Planning covers a Kenneth Ho
varieW of themes, including issues of sprawl and Amanda Huron
smart growth. participator\ architecture, and Conawav B. Haskins III
management of water resources and natural
areas. We begin with a piece by Tom Gibson Carolina Planning is published twice a vear
and G. Alexander Taft on connections between with generous financial support from:
brownfield redev elopment and transportation
planning. Including transit nodes as part of
brownfield de\ elopment. the authors argue, can be • The John A. Parker Trust Fund
an important component of smart growth policy.
• The Department of City and Regional
Next, we hear from Professor D.K. Ruth of Planning
the Rural Studio program at Auburn Universit\. • The North Carolina Chapter of the
Alabama. This innovative program, whose American Planning Association
founder was recently recognized w ith a
5 MacArthur fellowship, teaches architecture • The Department of Citv' and Regional
CM




designing environmentallv sensitive homes in one
of the poorest regions of the United States. Subscriptions:
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The third piece, on defining sprawl, was
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written bv a group of students at North Carolina Students and APA members $ 1 0.
State University under the guidance of Professor Back issues, including postage $8.
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Measuring Suburban Sprawl. In the piece, the suggestions, and submissions. Mail to:
authors present different approaches to Carolina Planning
measuring sprawl, and applv their criteria to mid- LINC- Chapel Hril.CB#3 140
Atlantic urbanized regions in measuring the Chapel Hill. NC 27599-3 140
correlation between their indices and the effects Phone:(919)962-4783
of sprawl. Email: carplanr2unc.edu
Finallv. we hear from Erica Shingara. a 2001 The editors wish to thank Da\ id Godschalk and
graduate of the University ofNorth Carolina's Lila Berrv. as well as Rich Thorsten and Dave
Department of Cit> and Regional Planning. Kiddoo. for their support.
Shingara spent the spring of 2001 in the
Netherlands, conducting comparative research Cover Image:
on approaches to water and natural management
there and in this countrv. looking specifically at The Harris House, part of the Auburn Uni-
the Chesapeake Bay. This article is an edited versity Rural Housing Studio, M'hich provides
version of her masters project. For a copy of the loM'-income families with housing assistance.
complete paper, which includes additional figures
and analysis of the Netherlands water and
natural resources management, please see:
Copyright 2001. the Department of City and
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Smart Growth Options for States
and Metropolitan Areas
Tom Gibson and G. AlexanderTaft
A decade ago. passage of the Intermodal
Surface Transportation Efficienc\ Act of 1991
(ISTEA) marked a turning point in transportation
policy. ISTEA gave states and metropolitan
areas much-needed flexibility to set their own
transportation funding priorities; it also
encouraged them to pursue their transportation
goals in concert with community and
environmental goals. ISTEA and its successor,
the Transportation Equity Act for the 2 1
"
Century (TEA-2i ). have opened up opportunities
to coordinate transportation planning and
community land use planning— which for much
of the post-World War II period took place in
separate spheres. Some states have run with
these new options, creating not only improved
transportation efficiency, but also redeveloping
browntlelds and reaping economic, community,
and environmental benefits linked to smart
growth.
Brownfields, Transportation, and Smart
Growth
Increasingly, communities across the nation
are looking to smart growth as a strategic
alternative to abandoning existing urban
infrastructure - highways, utilities, and other
public services - only to rebuild that
infrastructure further outside the city. Smart
growth emphasizes development in existing
communities and encourages reuse of
brownfields as a viable way to save tax dollars,
preserve open space and farmland, and protect
the environment. Smart growth also encourages
the availability of a variety of transportation
choices to alleviate traffic congestion and
enhance transportation efficiency. Smart growth
is therefore a natural link between brownfield
redevelopment and transportation improvements.
TEA-2 1 "s flexibility has been especially
helpful to states and metropolitan areas pursuing
smart growth projects. Transportation funding
under TEA-2 1 has supported a variety of
activities from transit-oriented development to
new bicycle and pedestrian facilities. TEA-21
funding has also supported projects linking
transportation efficiency, brownfield cleanup, and
economic development. Brownfield revitalization
projects that could be significantly enhanced by
transportation improvements are eligible for
TEA-2 1 funding, as well as transportation
projects that encounter obstacles related to
brownfields contamination. Eligible transportation
projects include highways, roads, and bridges;
public transit; rail; pedestrian and bicycle access;
and recreational trails.
Smart Growth Synergy — Achieving Several
Goals at Once
Because of the multiple benefits, projects
founded on brownfleld-transportation links are
highly appealing to communities and
stakeholders, and many are starting to take
advantage of these opportunities. Examples
include the Atlantic Station project in mid-town
Atlanta, where an urban brownfield — the
fomier site of the Atlantic Steel facility— is
being turned into a multi-use development that Gateway District. A partnership of
meets residential, retail, office, and entertainment federal, state, local agencies.
needs. As with many brownfieid rede\ elopment organizations, and private firms is
projects, there is a strong transportation link. The undertaking the project, which is also
project's viabilit}' depends on a new bridge being receiving grant funding from FPA's
built across the interstate to serve pedestrians Brovvnfields Program. The overall plan
and bicyclists as well as cars and to link the site includes relocating and consolidating
to existing rail mass transit (for more information. existing rail lines, building a light rail
seehttp://wA\"w.epa.gov/projectxl). system, redesigning Interstate 15. and
Effectively linking brow nfield redevelopment. creating a vibrant, mixed-use, mixed-
transportation, and smart growth constitutes a income community.
triple w in. and often results in a synergy that can
achieve multiple goals' . Because of the Know Your Options
combined economic, community, and
environmental benefits expected to result, many EPA, the Association of Metropolitan
of these projects attract additional public and Planning Organizations ( AMPO). and the Smart
private partners, and leverage additional funding. Growth Network recently published a report.
CNJ
Consider these examples: Redeveloping Brownfields with Federal
q: Transportation Funds, to help states and
1
• \n Lawrence. Massachusetts. metropolitan areas understand their options under
transportation funds will pay for a new TEA-2 1 . This report illustrates specific TEA-2
1
vehicle bridge and help to clean up a programs that can support brownfieid reuse and
C5
2 downtown brownfieid (a former Oxford
describes the planning process for funding
1 Paper
Plant): a new park and pedestrian eligible projects.
<.
^̂ bridge will also be created as part of the To obtain a copy o'i Redeveloping
overall revitalization project. To complete Brownfields with Federal Transportation
g3 the revitalization. the city also received Funds, please call EPA at (202) 260-7154. For
§ funding from EPA"s Brownflelds general inquiries to AMPO. call (202) 457-
2 Cleanup Revolving Loan Fund Pilot 0710x19. The report is available online at http://
Program, local banks, a neighboring wwvv.smartgrowth.org. Other relevant Web sites
business, the U.S. Department of include:
Housing and Urban Development's http://wvvAv.epa.gOv/brownfields.http://
Community Development Block Grant wvvAV'.fhwa.dot.gov/tea2 1 /index.htm, and http://
funds, and the Massachusetts Land vvww.fra.dot.gov. ^
Bank Grant Fund. The city will achieve
several important goals: improving
' See Our Built and Natural Environments: A
transportation access to downtown. Technical
Review of the Interactions benveen
Land Use, Transportation, and Environmental
supporting economic development.
0«a//n- (EPA 23 1-R-0 1-002; Jan. 2001). especially
improving the pedestrian environment.
pp.75 fF. on "Synergies: Combining Techniques."
and cleaning up environmental Report is available free ofcharge by calling (513)
contamination. 891-6561, or see http://\wwv.epa.gov/
• Salt Lake City. Utah, will use federal
transportation funds toward the
smartgrowth.
purchase, cleanup, and redevelopment of Tom Gibson is EPA 's Associate
a 17-acre former Union Pacific railyard Administrator for Policy, Economics, and
for use as an intermodal transportation Innovation. G Alexander Taft is Executive
terminal — a key part of the Director of the Association of Metropolitan
revitalization ofthe 650-acre downtown Planning Organizations.
Rural Housing:
Reflecting the Spirit of a Culture
The author discusses the Auburn University rural studio prof(ram, a program that seelis to help poverty
stricken Alabama rural communities tackle housing challenges. Each semester, fifteen to twenty A V
architecture students move to Hale Count}' and helpfamilies design and construct houses. Examples of
student housing projects are presented.
Dennis K. Ruth
In 1993. two Auburn University architecture
professors. Dennis Ruth and Samuel Mocl^bee.
established the Auburn University' Rural Studio
within the university's School ofArchitecture.
The Rural Studio, conceived as a method to
improve the living conditions in rural Alabama
and to include hands-on experience in an
architectural pedagogy, began designing and
building homes in the fall of 1993. Professor
Samuel Mockbee and Professor Dennis K. Ruth
sought funding to begin the studio and. through
the years, it has received additional funding
which has helped it become what it is today: a
vision of a process to make housing and
community projects in one of the poorest regions
of the nation.
The students who attend the Rural Studio
expand their design knowledge through actually
building what they have designed. Utilizing the
concept of ""context-based learning." the Rural
Studio asks the student to leave the university
environment and take up residency in a region
such as Hale County. Alabama. In doing so, the
student joins a poverty-stricken region and
"'shares the sweat" with a housing client who
lives far below the poverty level. The goal of
this exercise is to refine the student's social
conscience and to learn first-hand the necessary
social, cultural and technological concepts of
designing and building.
The concept of context-based learning has
enabled the Rural Studio to be a leader in
envisioning a process by which rural housing,
with spirit, can be designed, produced, and built.
The term process is a valuable one here, for the
concept of the Rural Studio is not centered in the
design of prototypes or the production ofhousing
types to be occupied by a re-located culture.
Rather, it envisions a process counter to the
mass production of ""dumb" boxes where all
families and cultures are seen empirically as the
same. The Rural Studio is about housing of the
"particular." it demonstrates the known axiom
that art must inform science and that empirical
knowledge must be overlaid with the values and
social manifestations of a culture.
Refining our rural communities is a difficult
task at best, and the root of this task should be a
process of providing shelter for those rural
families who have fallen through all the safety
nets designed to house the economically
disadvantaged. As poet Wendell Berry reminds
us, ""there is no safety in belonging to the select
few, for minority people or anybody else. If we
Professor Dennis Ruth, together with
Professor Samuel Mockbee. established the
Auburn L' niversity Kiiral Studio in 1993.
Professor Ruth holds an undergraduate
dejgree in Architecture from Auburn University
and a Master's of Architecture from Harvard
University. He has served as Department
Head for the School of --Irchitecture at
-luburn and as Dean of the College of
Architecture, Design, and Construction. A
registered architect with NCARB certification.
Professor Ruth presently teaches in the
School of Architecture at -{uburn University
and serves as Director of the Rural Studio.
The Rural Studio can be found on the Internet
at http: / 1 www. ruralstudio. com.
are looking for insurance against want and
oppression, we will tlnd it only inourneighbors'
prosperity and goodw ill and. be\ ond that, in the
good health of our worldly places, our
homelands." Rural America exhibits a genuine
appreciation and affection for people and place.
Participating in the nobility ofthings simple and
common through the design of places and houses
in the rural environment proves to be
invigorating. Our rural cultures are collective
communities rich in history and the tradition of
self-reliance. Rural America values and
respects its matriarchs and patriarchs while
envisioning prosperit\ for its children and their
children's children. Through necessity, its
citizens understand the cvcles of weather, the
proper orientation of a building w ith the sun and
the shade of a live oak tree. History has taught
them that a breeze tlow ing through a house has
the pow er to e.xhaust the heat of the da\ and
pro\ ide a restful peace in the night. The
expectation of clean water from wells and
streams has instilled a respect for the disposal of
sewage and waste water. In short, our rural
communities are simple and actual. A process
for providing rural housing should build on this
simplicity.
The Rural Studio process asks that providers
of rural housing build upon seven primary
themes. Thev are:
• An appreciauon and attecrion for people
and place;
• EnlighteniTient trom the simple and the
actual;
• An architectural common ground
benveen technolog\' and found objects;
• Recycling does not necessarilv mean re-
making but can mean reinterpreting;
• There IS a nobilir\' in things genuine and
not to be stunned by tlie power of
modern technology and economic
influence;
• Housing should reflect the spirit ot the
user, the creativity ot the designer, and
the hand of the craftsman. Don't be
amazed if all three are found in one; and
• One IS always a sen-ant to a culturally
rich collective community-.
The Rural Studio also contends that for rural
housing to be significant it must understand the
importance of land and dwelling ownership in
order to build where people live and where they
ow n. It must understand that the ""spirit" of
shelter is as basic as shelter itself and understand
the existence of a rich cultural tradition in order
to capitalize on it. Students should understand the
issue of designing for the particular, and ""share
the sweat" in order to build a team. It teaches
participants to never underestimate the sense of
familv and community and to involve the young.
The project seeks to understand the transitory
effects of how trailers, prototype housing, and
gov emment programs emphasize ""housing for
the masses." and to always ask ""where do the
children play?" Students must be aware of the
importance of others and what they bring to the
process, and strive to ""think outside the box."
remembering that experimentation generates
ideas that work. The Rural Studio seeks to
understand the opposite end of affluence and
realize that many families fall through the ""safety
net." Finally, the community must understand
that technology is friendly, and they should
understand that university students are a
tremendous resource of caring, talent, ingenuity
and hard work. The Rural Studio is a case study
in the appreciation and consideration of these
precepts and issues. It is a multifaceted program
with an ultimate goal of improving the education
ofAuburn University's College ofArchitecture.
Design, and Construction students while
simultaneousi) improving the qualitv of life in one
of the poorest regions in the nation.
The studio is located in western Alabama, in
remote Hale County. According to the ADECA
1 997 Alabama County Data Book, with a per-
capita income of $ 1 2.292 (only fifty -nine percent
of the U.S. per capita income), roughly one-third
of this region's residents live below the poverty
level. More than a quarter of the population
receives food stamps, and the percentage of
residents who are unemployed, at 13.1 percent,
is more than double the average unemployment
rate for the entire state of Alabama.
Each semester, fifteen to twent\' second
year architecture students leave Auburn
University and move to Newbem, Alabama (in
Hale County). Students, together with the Hale
County Department of Human Resources, find a
family in need, ascertain its housing needs,
design a house based upon those needs, and
begin the foundations of the structure. In
subsequent semesters, a different group of
students modifies the design while actually
constructing the house.
Working from its most vital ideology,
teaching students through context-based learning,
that is. actually living in and becoming a part of
the community and designing and building houses
within the community, the Rural Studio has
established four main goals, as follows:
• To give stiiJent.s of the School of
Architecture the opportunity to learn
the critical skills of planning,
designing, and building houses in a
concrete, practical, and socially
responsible manner This goal is
achieved through the Rural Studio's
hands-on. culturally based curriculum
and is exemplified in the projects
planned, designed, and built by Rural
Studio students. Undergraduate students
of architecture conceptualize their
projects, leading the processes involved
in construction while carrying their
projects through to construction.
• To form leadership qualities in
students by instilling the social ethics
of profess ionalism. volunteerism.
individual responsibility, and
community service. Rural Studio
projects are structured in such a way as
to teach students each of these
concepts. The act of attending the Rural
Studio itself is a voluntary act because,
although the students receive fifteen
hours of academic credit, participation is
not required by the School of
Architecture.
• To help communities, through
partnerships with the stale and local
welfare agencies, provide suitable
and dignified housing. This goal,
when realized, facilitates keeping
families together, engenders a sense of
self-worth and well-being, helps move
social security recipients from welfare to
work, and provides families with a strong
emotional connection to their home.
Ultimately, it provides rural families in
poverty with a stronger sense of stability.
• To develop materials, methods, and
technologies that will house the rural
poor in dignity and mitigate the
effects of poverty upon rural living
conditions. Students are encouraged,
through curriculum requirements, to
research innovative and sustainable
materials and construction techniques.
The students have thus far completed one
home per year. The completed homes that most
clearly demonstrate our principles are the Bryant
House (the "Hay Bale" house), the Harris
House (the "Butterfly" house), and the Lewis
House. Students are now working on the
Shannon Sanders-Dutley House, to be a home
for a family with six children. Our students have
also completed numerous community projects,
among which include a warm/dr\ room for an
elderly man to use in lieu ofgoing into nursing
care and re-roofing a trailer so that a mother
could be re-joined w ith her children. In
conjunction with these houses and community
projects, students have built experimental housing
pods for their own home at the Rural Studio.
These pods showcase experimental methods of
construction and community living. The latest
example of student housing is a Corrugated
Cardboard Bale Student Pod whose principles
will be applied in future home design.
The Bryant House
Called the "Hay Bale House" because of
walls constructed of hay bales, the Bryant House
is home to Alberta and Shepard Bryant and their
two grandchildren. Located in Mason's Bend,
the 24-inch-thick walls are stacked hay bales
that have been stuccoed over and provide
excellent natural, and inexpensive insulation.
One wood-burning stove, located in the living
room of the house, heats the entire structure, and
the house remains cool throughout the summer
because of natural ventilation provided by
awning windows in the front of the house. In
keeping with Southern culture, the house has a
large front porch covered with an inexpensive
acrylic roof Because Shepard Bryant is a
fisherman, thesis student Scott Stafford built him
a smokehouse to the right of the main structure.
The smokehouse was built of stone and covered
with a roof made of used D.O.T. signs at a total
cost ofapproximately $40.00.
The Harris House
The Harris House, home of Anderson and
Ora Lee Harris, was built in the 1996/1997
academic year by second and third year
students. Called the "Butterfly House" because
of its sharply angled roof structure, the house
was a challenge to the students for several
reasons. First, because Mrs. Harris is
handicapped, the house had to be designed to
accommodate a wheelchair. The doorways are
wide and easily accessible, with a wheelchair
ramp leading to the front door. In the bathroom,
fixtures are within easy reach of a wheelchair-
bound person. Second, the house is designed to
have several energy/cost efficient features. The
house had to have ventilation that would allow it to
be heated and cooled as inexpensively as possible.
The house is heated by a centrally placed
wood-burning stove. Vents, inserted near the
roof of the house, may be opened to allow for air
circulation in the warmer months or closed in the
winter months to trap hot air inside the house. A
huge fan at the rear of the house draws air
through the central living area. The roof is
angled to collect rainwater into a cistern. This
gray water system is used to wash clothes and
flush toilets. The house has a constructed
wetland sewer purification system that provides
fertilization to a garden in the backyard and
purities septic system effluent before it reaches
the well that holds drinking water. The greatest
challenge to the designers was to remai'i within
budget (in this case, under $30,000). To help
meet this goal, the roof of the house is clad in tin,
w ith tin and salvaged 1 05 year-old wood used for
the walls.
The Lewis House
Second-year Rural Studio students from
1 997 until 1 999 designed and built the Lewis
House, home to Evelyn Lewis and her four
children. The students selected the client with
the guidance of the Hale County Department of
Human Resources. Headed by a single mother,
this family had been living apart for years in the
homes of friends and relatives. Lack of
resources and affordable housing had forced
Evelyn to disperse her children into different
homes throughout Hale County. She wanted her
family to live under one roof This desire set her
family apart from the numerous needy families
the students had met.
In a simple but innovative design, four
bedrooms, a living room, a kitchen, and a bath
comprise the Lewis House. The students
wanted to make the house as functional and
economical as possible, with each room serving
multiple uses. The family had considerable input
into the design, and both mother and children
made requests that were included in the
completed structure. The bathroom is
compartmentalized so that two people can use it
at the same time for different purposes. Each of
the children's bedrooms has a study space, and
each bedroom has its own closet and loft storage
space. A central hall connects all rooms in the
house. Additional book storage space is built into
walls. Windows in each of the bedrooms are
aligned with large doors to the hallway, large
exterior doors, and openings to take advantage of
cool summer breezes. In addition, the hallway
includes clear stor\' venting so that the Lewis
family may use natural ventilation to cool and
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With the assistance of the Hale County
Department of Human Resources. 1999-2000
Rural Studio second year students selected the
Sanders-Dutley family to be clients for a house.
The parents are in their mid-twenties and have
six children. The house encompasses fifteen
hundred square feet and incorporates three
bedrooms, two-and-a-half bathrooms, a kitchen-
family room combination, a dining room, and a
den. The family gathering spaces open onto a
central courtyard, bathed in light at sunrise and
sunset. The house is designed to accommodate
the many different needs of such a large family,
and it attempts to give children and parents
adequate private space while creating rooms that
foster family interaction. Great consideration
was given to daily activities, such as preparation
for school, so that the house mitjht ease the
hectic task of rearing six children. The material
pallet employs rammed earth for all exterior
walls, a steel roof structure, metal studs, and
sheet rock on the interior and an abundance of
glass and transparent sheets of polycarbonate in
clereston,' windows.
The rammed earth construction chosen for
the Sanders-Dutley house is a building technique
in which a cement-soil mixture is compacted into
fornis to create load-bearing walls that harden
into what is essentially man-made, engineered
rock. After extensive tests and mock-ups.
rammed earth was chosen for the construction
method because of its durability, a natural
resistance to tire, and its sense of permanence
and security. Except for some experimental
housing built in the 1930"s near Birmingham.
Alabama, the Sanders-Dutley House will
possibly be the first house in the Southeast to use
this method of construction.
Corrugated Cardboard Bale Student Pod
The purpose of this project is to experiment
with bales of waste wax-impregnated corrugated
clippings in construction. These bales have
many properties that make them promising
building materials. The thickness of the bales will
provide excellent insulation, while the dense
packing of the corrugate clippings will create a
strong load-bearing structure. Additionally, the
thennal mass created will help keep the structure
cool in the summer and warm in winter, and the
corrugated bales make good material for fast,
efficient construction for rural housing.
The first house utilizing this construction
material is a student housing "pod." This pod
incorporates corrugated bales in both the
foundation and walls. Using what is teamed
through the materials investigations and the
"pod" prototy pe. another structure will be
designed and built to test additional ideas.
The architectural students, while applying the
Rural Studio process in the building of these
houses, have also used basic architectural
principles as part of their design process. If one
looks closely, one can find an application of
nature's materials and found objects available in
the rural landscape. The houses apply
sustainable cultural principles, simple adaptable
technology, and recycling. Visiting the homes
today, it is apparent that the houses have fit the
social, cultural, and climate context with their
planning. Front porches, screen porches, and
accessible exterior spaces are well utilized and
the houses have proven adaptable over time to
each family's particular use. Low energy cost
and conservation is reflected in plan layout, the
use of natural ventilation, and energ\-conser\ ing
methods of construction. Reflecting upon the
pictorial quality of these homes, one can see the
influence of cylindrical hay bales ready to be
stored lying in fields, seed bams, and
smokehouses, as well as the patina of colors and
textures found only in rural America.
These homes act to improve the health and
happiness of the residents of Hale Count>'.
Alabama. They are. however. onl\ part of the
Rural Studio stor}' in rural America. Our
students are also engaged in the design and
construction of community projects such as
children's centers and playgrounds, boys and
girls clubs, community pavilions, chapels, baseball
and play fields, performance theaters, community
centers, and historic preservation. As a result of
collaboration between faculty members, students,
and community members, many of the goals of
the Rural Studio were accomplished. Toward
this end. the faculty of the Rural Studio - Andrew
Freear. Steve Hoffman. Dick Hudgens. and
Samuel Mockbee and Dennis Ruth - have been
responsible for the guidance imparted to students
in all of the projects and concepts delineated.
To the untrained eye. the measure of
success of the Rural Studio is in its built projects:
in reality, its success is measured by its effect
upon the lives of the faculty, students, families.
and communities it touches. It is not only the
buildings that make the Rural Studio what it is.
but also the education the students receive about
architecture and about society. Ultimately, it is
about "sharing the sweat" with the community, (f^
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Just What is Sprawl, Anyway?
Urban sprawl is a hot-button issue in the U.S. Though the term is widely used to describe the distastefor
contemporary American suburban and urban development, a selectfew group ofresearchers, academics and
practitioners have led the response to the argument against sprawl. This paper seeks to characterize sprawl
from the perspective oflandscape architecture whilefocusing on quantitative measurements and definitions
ofsprawl. At its core it examines the issue ofthe evolution ofurbanform through time, and offers optionsfor
addressing the debates over the negative or positive ramifications ofsprawl.
George R. Hess, Salinda S. Daley, Becky K.
Dennison, Robert P. McGuinn, Vanesa Z.
Morin, Wade G. Shelton, Sharon R. Lubkin,
Kevin M. Potter, Rick E. Savage, Chris M.
Snow and Beth M. Wrege
"In the next three or four years Americans will have a
chance to decide how decent a place this coimtiy will be to
live in. and for generations to come. .Already huge patches
ofonce green countryside have been turned into vast, smog-
filled deserts that are neither city, suburb, nor countiy. and
each day—at a rate ofsome 3. 000 acres a day—more
countiyside is being bulldozed under You can 't stop
progress, they say. yet much more of this kind ofprogress
and we shall have the paradox ofprosperity lowering our
standard of living. ... The problem is the pattern ofgrowth—
OK rather the lack ofone. " (Whyte 1958)
Introduction
Sprawl is a hot topic in America. Articles
about sprawl have appeared in many magazines
and newspapers, including Time, US News and
World Report, The New Yorker, Atlantic
Monthly, Sierra. The New York Times, and
USA ro<;/m'(Katzand Bradley 1999: Goldberger
2000; Moberg 2000: Thompson 2000; Tolson
2000: El Nasser and Overberg 2001 ; Firestone
2001 ). Search for "urban sprawl" on the World
Wide Web and you will be inundated with a
combination of research, reports, reviews, and
rants. In the academic literature indexed by the
Institule for Scientific Information 's Science
Citation Database, the number of titles
including the word "sprawl" had increased more
than exponentially.
Indeed, sprawl has become the term people
use to describe almost anything they do not like
about American cities, from traffic jams on
endless commercial strips to cookie cutter
communities on former farmland. Negative
effects attributed to sprawl include economic and
racial segregation, crime, poverty, loss of
community, increased infrastructure costs,
deteriorating air and water quality, loss of
farmland and open space, increased traffic
congestion, and a general degradation in the
quality ofhuman life.
At the same time, a few voices have been
questioning the conventional wisdom that sprawl
is bad and "Smart Growth" policies are the cure.
Among those voices are Peter Gordon and
Harry Richardson ( 1997a). professors in
University of Southern California's School of
Urban Planning and Development, who contend
George R. Hess is an Assistant Professor in
North Carolina Stale University's (NCSU) Forestiy
Department. Tlie co-authors were all participants
in his course. Measuring Suburban Sprawl, which
was taught during the Spring 200J semester This
paper is a product of that course.
Salinda S. Daley is a masters student in
NCSU's Zoology Department.
Becky K. Dennison, Robert P. McGuinn,
Vanessa Z. Morin, and Wade G Shelton are
masters students in the Duke University Nicholas
School of the Environment.
Sharon R. Lubkin is an Assistant Professor
of Biomathematics at NCSU.
Kevitt M. Potter and Rick E. Savage are
masters .students in NCSU's Forestiy Department.
Chris M. Snow is a continuing education
student in NCSU's Department of Parks,
Recreation and Tourism Management.
Beth M. Wrege is a masters student in NCSU's
Department of Parks, Recreation and Tourism
Management.
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that compact development is not a cure for
traffic congestion. Staley ( 1999) argued that
urban growth boundaries do not reduce traffic
congestion, that farmland is not imperiled b\
urban growth, and that spraw 1. itself, is not bad.
Yet despite all the purported effects and
proposed solutions, a number of researchers
noted that the term "sprawl" was rarely
quantified until recently (e.g.. Burchell et al.
1998: Downs 1998; Galsteret al. 2000: Myers
and Kitsuse 1999: Malpezzi 1999). There is also
a paucity of correlative analysis between
measures of sprawl and measures of social,
economic, and environmental quality—in part
because sprawl itself has not been well defined
(Downs 1998: Galsteret al 2000).
One ofthe difficulties in understanding
sprawl is that different observers have defined it
by a combination of its causes (e.g.. zoning and
poor planning), characteristics (e.g.. low-density
development), and effects (e.g.. traffic
congestion and air pollution). Galsteret al.
(2000) noted that sprawl has been defined as an
aesthetic judgement: as the cause of an
externality (e.g.. high automobile dependence,
job-housing spatial mismatch): as the
consequence of some independent variable (e.g..
zoning): as a development pattern (e.g.. low
density, leapfrogging): as a process of
development through time: and by example (e.g..
w ith reference to a particular city such as
Atlanta or Los Angeles).
Objectives
Ew ing ( 1 994). Malpezzi ( 1 999). and Galster
et al. (2000) argued convincingly that separating
the causes, characteristics, and effects of spraw 1
is essential to reaching consensus on what
sprawl is. We agree and chose to focus our
efforts on the spatial characteristics of sprawl.
Our primary objective was to identify' and
quantify characteristics of sprawl on the
landscape. What does sprawl look like on the
ground? What spatial characteristics should one
look for to declare a city sprawled or sprawling?
in this paper, we
Characterize sprawl from a landscape
perspective:
• Present quantitative indices for some of
the characteristics of sprawl on the
landscape;
• Use these indices to compare sprawl
among the U.S. Census-defined
urbanized areas in the mid-Atlantic
United States: and
• Measure the correlation among our
indices and a few purported effects of
sprawl.
Landscape Characteristics of Sprawl
The word sprawl has been used to describe
the urban environment since the mid 20'*' centur\'
(Table 1 ). The Oxford English Diclionaiy (2001
)
defines it as "the straggling expansion of an
indeterminate urban or industrial environment into
an adjoining countryside: the area ofthis
ad\ancement." Spraw 1 has been used as an
adjecti\ e describing the pattern of a city "s growth,
a verb describing the process of that growth, and
as a noun describing an urban landform.
Although the first use we found was by
Buttenheim & Comick (1938), the term became
relati\ ely commonplace in the 1 940"s and 1 950"s,
coincident with two fundamental life changes in
the United States—an increase in private
automobile use and the expansion of the
interstate highway system. While some people
were defining and deriding spraw I during the
earl> 1950"s. others were advocating the
decentralization of American cities as a defense
againstthepossibility of nuclear war (Monson
and Monson 1 950. 1 95 1 : Wigton 1953).
However, these advocates of city
decentralization favored well-planned,
concentrated nodes and were very much against
the poorly planned sprawl of central cities
(Monson and Monson 1950).
Early uses of the term sprawl suggest that it
consumes excessive space in an uncontrolled,
disorderly manner leading to loss and poor
distribution of open spaces, excessive demand
for transportation, and social separation. The
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"The folly of allowing furlher unrestricted expansion and disorderly sprawling of cities into rural areas,
turning green fields andforests into dreary- city streets and making the countryside inaccessible to the
poorer inhabitants of the interior districts, is gaining increasing recognition both in America and
Europe. " (Bultenheim di Cornick I93H)
"Among the chiefproblems facing London, according to the County Plan, were corigestion. slums,
inadequate and maldistributed open spaces, indeterminate zoning, a/?J sprawl, ij one includes the
London region. " (Rodwin 1945)
"The Association poses the alternative of 'self-contained towns 'versus 'suburban sprawl. ' // accuses the
latter oftwo basicfaults: first, excessive demand for transportation and second, lack ofopen space for
recreation and also expansion. " (Blumenfeld 1949)
"
... in the suburbs that hcive been growing so rapidly around the great centers the buildings exist,
ideally, as free-standing structures in a parklike landscape. Too often the trees and gardens vanish
underfurther pressure ofpopulation, yet the sprawling, open individualistic structure, almost anti-social
in its dispersed and its random pattern, remains. " (Mumford 1953: 223)
"
... the aimless sprawl of suburbia is destroying a precious asset (open land). " (Haskell 1958)
"Great size has anotherfeature that isn 't quite so beneficent. With veiy great population size comes veiy
great area (as well as high density): and. with the increasing use ofthe automobile, we get 'sprawl, ' all of
which leads to intra-area spatial patterns characterized by veiy considerable social separation.
"
(Thompson 1966)
Table I. Some early uses of the word "sprawl" to describe urban growth patterns.
essential elements of these early definitions have
remained relatively unchanged through time. In
her report. Revisiting Sprawl: Lessors From
the Past, Burgess ( 1998: 1 ) defined sprawl as
".
. . expanding physical development, at
decreasing densities, in metropolitan regions,
where the spatial growth exceeds population
growth." Lee and Tian ( 1998) suggested that
urban sprawl leads to inefficient land-use.
leapfrogging, and low-density development of the
urban fringe. The Sierra Club (1998) defined
sprawl as "iow-density development beyond the
edge of service and employment, which
separates where people live from where they
shop. work, recreate, and educate—thus
requiring cars to move between zones."
Brueckner (2000) defined urban sprawl as
excessive spatial growth of cities.
After a comprehensive literature review
(Hess 2001 ). we noted a number of common
characteristics among sprawl definitions (Table
2). Ewing(1994. 1997). Malpezzi ( 1999). and
Galster et al. (2000) provided valuable reviews
of sprawl definitions. The characteristics
associated most frequently with sprawl were
low-density development, strip development,
scattered development away from the central
city, leapfrog development, and separation of
land uses. Density is by far the most common
measure, followed by comparisons between the
rate at which land is urbanized and the rate of
population growth (e.g.. land was urbanized at
three times the rate of population growth).
Ewing ( 1 997) argued that poor accessibility
—
difficulty moving among widely separated land
uses—and a lack of functional, public open
spaces are the primary hallmarks of sprawl.
There seems to be general agreement that
sprawl is a matter of degree. For example, it is
difficult to say at what density a city becomes
sprawled, but relatively easy to say that one city
is less dense than another and therefore more
sprawling in that aspect.
Some researchers consider time to be a
critical component in the measurement of sprawl
(US EPA 2000; Ewing 1994; Harvey and Clark
1965). Harvey and Clark (1965) noted that
sprawl cannot be measured and described at one
13
Characteristic Description Selected Citations
(our measures)*
High / inefficient land Low population densit> : high levels of Black 1996; Downs 1998, Freeman
consumption; low urbanized land per person; rate of land 200 1 ; Galster et al. 2000: Ha-vey and
population density urbanization greater than rate of Clark 1965; STPP2000: Montaigne
(LAND.LAND9080, population growth, especially in fringe 2000
FCLAND) areas.
Fringe Development Development away fi"om city center: rapid Besl 2000: Downs 1 998; Galster et al.
(FCAREA! 990. development of open spaces on cit\ 2000; Katzand Bradley 1999
LAND9080, FCAREA9080) boundary.
Lack of connectivity Arterial street systems: lack of grid; lots Duany and Plater-Zyberk 1998; NRDC
(DRIVE) of dead ends. 19%
Leapfrogging: scattered Development that skips over empty Clawson 1 962: Mills 1 98 1 : Downs





Separation of uses Different land uses (employment, retail. Brown etal. 1998; Downs 1998; Duany
(DRIVE) residential ) are far apart: residential and Plater-Zyberk 1998; Ewing
CO development beyond edge of
emplo\ment and retail services; lack of
1994. 1997; Galster etal. 2000
i
residential development in city center.
Lack of functional open Lack of open space that performs a useful Anonymous 1999; Ewing 1997, 1994
a.
1




Aesthetics and You know it when you see it. Big-box Duany and Plater-Zyberk 1998; Gore
architecture retail: strip malls; no sidewalks; 1 998; Koffman 1 999; Kunstler 1 996:
excessively wide roads. Large, disjointed NRDC 1996
buildings set back from street, highly
articulated, rotated on lots.
*()ur measures are defined fully in Table 3.
Table 2. Spatial characteristics ofsprmvlfound in the literature.
moment in time, because sprawl is a form of quantitative approaches to defining sprawl, yet few
growth. They argued that it is the trend in have developed comprehensive ways to measure
population density, rather than current population sprawl. The Sierra Club ( 1 998) ranked U.S.
density, that determines whether a city is Census-detlned urbanized areas by considering
spraw ling or not. A city becoming less densely trends in population and land area growth, traffic
populated through time is said to be sprawling. congestion and open space loss indicators. They
even if it is currently quite densely populated in also accounted for loss of important w ildlife habitat
comparison to other cities. and historical sites. In USA Today, El Nasser and
Overberg (2001) ranked all of the US Census-
Approaches to Measuring Sprawl detlned Metropolitan Statistical Areas by
considering trends in the proportion ofthe
Several authors have decried the lack of population in the Metropolitan Statistical Areas
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living in urbanized areas.
iviaipezzi ( 1 999) and Galster et ai. (2000)
lia\ e done tiie most cogent \vorl< to date,
focusing primarily on measuring the spatial
characteristics of urban landscapes. Malpezzi
( 1999) examined several measures of the spatial
distribution of population density' among census
tracts of all U.S. Metropolitan Statistical Areas.
He compared overall density: maximum and
minimum tract density: density ofthe median,
tenth, and ninetieth percentile population-
weighted tracts: coefficient of variation of the
tract densities: Theil's information measure: the
Gini coefficient: parameters of the densities" tit
to a spatial exponential or other function: the r-
square statistics thereof: and the average
distance of each person to the central business
district. He found strong correlations among the
percentile measures, and weaker correlations
among the other measures. Malpezzi also
examined the correlation between spatial
measures and commuting measures, and found
(with strong correlation) that denser areas have
shorter commutes, and that areas with high median
home prices also have shorter commutes.
Galster et al. (2000) examined six different
measures of residential development:
1
)
Density, the average number of
residential units per square mile:
2) Concentration, the degree to which
development is located within a relatively
few square miles of the urbanized area:
3) Compactness, the degree to which
development has been clustered:
4) Centrality, the degree to which
development is located close to the
central business district:
5) Nuclearity, the extent to which an
urbanized area is characterized by a
single center of development: and
6) Proximity of land uses, the degree to
which different land uses are close to
one another.
They applied these measures to thirteen
large U.S. cities and ranked them from least to
most sprawled according to each of the above
six measures. They further summed all of the
ranks for a city to provide an overall measure of
sprawl for each city. Galster et al. (2000) also
proposed two other measures for future
de\elopment: cominn if}-, the degree to which
land has been developed in an unbroken fashion:
and diversily of luud nses. the degree to which
different land uses exist within portions of the
urbanized area.
Yeh and Li ( 1998, 2001) used a geographical
information system (GIS) analysis of remotely
sensed data to measure and monitor the degree
of urban sprawl for cities and towns in China.
They characterized sprawl as scattered new
development on isolated tracts separated from
other areas by vacant land. To quantify the
degree of scattering they calculated Shannon's
entropy, a statistical measurement of dispersion
based on the relative numbers of an item (the
amount of new development, in this case) in
each of several compartments (concentric rings
around a city, in this case). Cities and towns
with higher entropy values were characterized as
more sprawled because they exhibited more
dispersed development—the new development
was spread evenly among the compartments.
Yeh and Li also used entropy to measure
dispersal ofdevelopment along major roads and
highways. Although Yeh and Li did not do so. a
series of entropy measures through time can be
used to determine changes in the degree to which a
city's development is dispersed or compact.
Our Measures of Sprawl
We defined seven measures that relate
directly to several spatial characteristics of
sprawl (Table 3). We restricted our efforts to
measures that could be calculated using data
readily available in a standardized format for
cities nationwide. We focused our efforts on
U.S. Census-defined urbanized areas, because
they are defined consistently throughout the
United States. We used 1990 United States
Census and related Federal Highway
Administration data, because they are the most
recent data available for urbanized areas in the
United States. Most of the measures reflect
land consumption, differences between land
consumption in the center and fringe of the








Area of urban area (square miles) in 1990. Larger urban
areas consume more land, and are considered more sprawling.
(US Census Bureau)
Urbanized land per capita in 1 990. Size of urban area /
population (acres per 1.000 people). A more sprawling cit\
uses more land per person. (US Census Bureau)
UA* Area
UA Area (acres)







Fringe-to-center area ratio in 1990. Ratio of fringe area to area
of cit> center. Sprawled cities are said to ha\e more
de\ elopment avva\ from their cit} centers. (US Census Bureau)
Fringe-to-center land per capita ratio in 1 990. Ratio of land
used per capita in the fringe to land used per capita in the cir\
center. Sprawled cities are often said to ha\e much higher
land consumption per capita in the fringe than in the center.
(US Census Bureau)
Area of UA Friniie
Area of UA Center
Fringe Area / Fringe Pop








Separation of Land Uses/Accessibility
DaiK Vehicle Mileage per Capita in 1993. This measure
reflects the average daily mileage per capita relative to cities
of the same population density.
> 1 means more dri\ ing than average for cities of same density
<1 means less driving than average for cities of same density
We used this index as a surrogate for measuring several spatial
characteristics of sprawl. Separation of land use. lack of
connectiv it}, and poor accessibility are spatial characteristics of
spraw 1 that result in increased dri\ ing and higher \ alues of this
index. (US Federal Highwav Administration)
Obser\ed DaiK Milease
Expected Daily Mileage




Ratio of fringe-to-center area ratio in 1990 to 1980 value.
Cities are more sprawling when the size of their fringe areas
increases faster than the size of their centers (i.e.,
FCAREA9080 > 1). (US Census Bureau)
Ratioof urbanized land per capita in 1990 to 1980 value.
Cities are sprawling when their rate of land use per capita is





*LA = US Census-defined urbanized area
Table 3. Ouantitarh-e measures ofsprawl that we caladated. For all measures, higher values indicate more sprawl.
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The U.S. Census Bureau defines an
urbanized area as one or more central places and
the adjacent densely settled urban tVinge that
together contain a minimum of 50.000 persons
(US-DC 1994). The definition has been used
since 1950 to pro\ide a better separation of
urban and rural territory, population, and housmg
in the vicinity of places with relatively large
populations. The definition has changed
somewhat through time, but has been relatively
consistent since 1970. The urban fringe
generally consists of contiguous territory having
a density of least 1.000 persons per square mile.
The urban fringe also includes outlying territory,
if it is connected to the core of the contiguous
area by road and is within 1 .5 road miles of that
core, or within five road miles of the core but
separated by water or other undevelopable
territory. Other territory with a population
density of fewer than 1 .000 people per square
mile is included in the urban fringe if it eliminates
an enclave or closes an indentation in the
boundary of the urbanized area.
Our early analyses showed that the size
(square miles) and population (number of people)
of urbanized areas were correlated at the total
(r=0.97). fringe (r=0.99). and center (r=0. 70)
scales. Because we were focusing on landscape
characteristics, we chose to work with area
measures instead of population measures.
Similarly, we used measures of land
consumption—the amount of land used per
person—which is the inverse of population
density. One can also measure land used per
housing unit: however, housing unit density and
population density were completely correlated in
our study area (r=1.0).
Separation of land uses and accessibility are
important and related dimensions of sprawl that
are difficult to ineasure directly. The term
"accessibility" is used in the sprawl literature to
represent the ease of movement among different
land uses, especially home, work, and services
(e.g.. Koenig 1980). Accessibility is influenced
by the degree to which these land uses are
separated on the landscape. Personal
transportation surveys (e.g.. US-FHA 2001) are
the best approach to measuring accessibility,
because the\ provide information about what
people are doing, where they are going, and how
they are getting there. Unfortunately, they are
costly to implement and available for only a
limited number of Metropolitan Statistical Areas.
We used average daily vehicle miles traveled
per person as a surrogate measure for degree of
accessibility and separation of land uses. Daily
vehicle miles traveled per person are reported by
Census-defined urbanized area in the annual
U.S. Department of Transportation Highway
Statistics publication. The data are based on a
statistical analysis of traffic counts using the
Highway Performance Monitoring System
(Office of Highway Policv Information 2000).
We used data from the 1993 Highway Statistics
(Office of Highway Information Management
1994). because these were the first developed
using 1 990 urbanized area boundaries.
One must be careful when comparing cities
of different densities, because vehicle miles
traveled decreases with increasing population
density (e.g.. Ewing 1997). Therefore, we
developed a "DRIVE" index that accounts for
population density. By fitting a curve to daily
vehicle miles traveled per person as a function of
population densitv', we were able to calculate the
expected daily vehicle miles traveled (DVMT)
based on the density of a city. Our index was
obtained by calculating
DRIVR
Ob'.erved DVMT / person
tixpetlcd DVMT/person. based on urbanized area density
Because the index is normalized by
urbanized area density, it is only comparing cities
of like density. We argue that higher values of
this index are related to relatively high
automobile use that results from greater
separation of land uses and poorer accessibility.
Applying Our Measures of Sprawl to the
Mid-Atlantic Urbanized Areas
We applied our seven measures (Table 3) to
the forty-nine cities in the seven mid-Atlantic
states (Delaware. Maryland. New Jersey. North
Carolina. Pennsylvania, Virginia, West Virginia)
that (1) were considered urbanized areas in both
1980 and 1990. and (2) for which Federal
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Highway Administration data were available.
We ranked the cities according to the degree
of sprawl for each characteristic (Table 4). We
also evaluated the linear correlation among the
seven measures, and found that none of the
measures were highly correlated (Table 5). The
highest magnitude of any correlation (0.48) was
between the fringe-to-center area and land
consumption ratios; most correlations were much
weaker. This lack of strong correlation implies
that each index is measuring something different.
Agglomerative Cluster and Principal
Components Analyses
An agglomerati\ e cluster analysis was used
to identify groups of cities w ith similar
characteristics. Clustering is a mathematical
technique that groups entities w ith similar
attributes by measuring the distance between
them in multidimensional space. At each step in
an agglomerative cluster analysis, the two
entities or groups of entities that are most similar
to one another are grouped into a single cluster.
A number of approaches can be taken to
measure the distance between clusters. We
used Ward's Method, which measures the
variance between clusters at each step and joins
the clusters with the minimum variance. The
cluster analyses were performed using JMP
(SAS2001).
We also performed a principal components
analysis on our measures. Principal components
anah sis is a numerical method used to analv ze
multi\ariate data (Legendre and Legendre 1998).
It is an ordination technique that is used to
summarize trends and patterns among samples
(urbanized areas, in our case). gi\en a number of
characteristics for each sample. The output of a
principal components analysis is a score that
combines the characteristics that explain most of
the variance among samples. The principal
components analysis was performed using PC-
ORD (MjM Software Design 2000).
Both cluster and principal component
analyses were performed on Z-transformed
indices, or Z-scores. A Z-score is the number of
standard de\ iations an observation is from the
mean of the distribution. We used Z-scores
instead of the raw index values, because the
index \alues were of ver}, different magnitudes.
Cluster and principal component analysis are
sensitix e to large differences in magnitudes and will
return spurious results if data are not transformed.
We used cluster and principal components
analyses to group cities with similar
characteristics of land consumption (LAND),
fringe-to-center land consumption ratio
(FCLAND). and daily vehicle miles traveled per
person. We used the observed daily vehicle
miles traveled per person rather than our density-
adjusted DRIVE index, because density was
incorporated into the analyses (through LAND)
and both methods therefore account for
differences in densit\.
According to our cluster anaK sis. most of
the difference between groups of cities was
explained by overall land consumption (LAND),
followed by the fringe-to-center land
consumption ratios (FCLAND). followed by
daily vehicle miles traveled per person. Principal
components analysis of the same variables
yielded similar results (Table 4). The first
principal axis captured 57 percent of the
variance in the data, and was most closeh
associated with land consumption (LAND) and
daily vehicle miles traveled per person. The
second axis captured an additional 24 percent of
the variance and was most closely associated
w ith the fringe-to-center land consumption ratio
(FCLAND).
The larger, older cities all had relatively low
levels of land consumption and relatively low
levels of daily dri\ ing per capita. Among cities
with low levels of land consumption, daily driving
per capita was relatively low. regardless of the
Table 4 (right). Sprawl rankings of49
urbanized areas in tlie mid-Atlantic statesfrom most
sprawled (I) to least sprm^'led (49). The first
column lists the urbanized areasfrom most to least
sprawling as ranked by the first principal axis ofa
principal components analysis of overall land
consumption (LAND), fringe-to-center land
consumption ratio (FCLAND). and observed daily
vehicle miles trcn-eled. The remaining columns show
the rank ofeach urbanized area for each ofour
seven sprawl indices, from the most spra\\ied ll ) to
the least sprenvied (49).
LAND FCAREA
City (principal axis I) AREA LAND FCAREA FC LAND DRIVE 9080 9080
1. AshevilleNC 23 7 32 31 4 34 30
2. HickonNC 32 5 24 42 5 23 45
3. Vineland-MillvilleNJ 15 1 48 49 44 48 35
4. Kingsport VA 20 1 27 43 23 ~n 44
5. Lynchburg VA 19
->
39 29 20 24 6
6. Bristol Tn7vA 38 4 44 24 22 37
7. High Point NC 30 14 41 41 13 20 38
8. BurhngtonNC 39 17 34 38 1 31 24
9. GastoniaNC 27 13 30 37 11 27 36
c_
C
10. Raleigh NC 11 23 40 32 ->J 11 10 -1
11. Greensboro NC 25 32 47 22 -) 25 41 X
12. Winston-Salem NC 16 20 42 26 10 41 31 ^
13. Danville VA 42 8 49 19 24 49
C/)
14. Wilmington NC 29 6 31 27 32 44 39
i15.GoldsboroNC 40 11 35 15 38 46 46
16. Norfolk-Virginia Beach VA 9 43 13 37 "1 48
>
z17. Durham NC 18 30 46 44 16 26 47
18. Charleston WV 21 21 26 46 12 4 4
$

















22. Petersburg VA 19 29 47 36 19 1
m
O
23. Richmond VA 7 29 19 34 7 40 9 o
24. FayettvilleNC 14 24 25 48 39 43 32
m
73
25. Hagerstown MD 44 T) 21 14 28 36 19 X




27. Annapolis MD 37 18 11 5 31 5 11 m—
t
28. Jacksonville NC 31 12 16 30 48 49 40 >
29. Parkersburg WV 48 36 37 39 40 6 7
jO.AIIentownPA 13 42 -n 28 30 35 15
31. Charlottesville VA 47 39 25 33 14 5
32. Altoona PA 46 40 28 8 41 21 25
33. Scranton-Wilkes-Barre PA 9 28 14 20 42 30 T)
34. Harrisburg PA 12 26 T 16 8 28 34
35. Sharon PA 43 10 5 3 49 1 1
36. Erie PA M 41 36 35 45 9 27
37. Johnstown PA 45 yi 17 17 43 15 26
38. Baltimore MD 6 43 12 10 18 18 17
39. Wilmington DE 10 37 7 36 15 39 43
40. Reading PA 35 46 18 11 34 33 13
41. State College PA 49 45 20 1 47 10
-1
42. Trenton NJ ~n 44 4 4 9 38 23
43. York PA 36 38 8 9 21 32 14
44. Monessen PA 41 15 1 21 46 13 12
45. Washington DC 4 47 9 18 6 45 37
46. Pittsburgh PA 5 J.5
-1
12 35 12 28
47. Lancaster PA 28 35 6 7 27 29 16
48. Philadephia PA T 48 10 6 25 17 21
49. New York NY 1 49 15 2 26 16 42
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PC PC LAND PCAREA
AREA LAND LAND AREA 9080 9080 DRIVE
AREA 1
LAND (0.31) 1
FCLAND 0.38 (0.44) 1
FCAREA 0.14 (0.32) 0.48 1
LAND9080 0.03 0.07 0.31 0.13 1
FCAREA9080 (0.2) (0.17) 0.27 0.22 0.43 1
DRIVE 0.02 (0.04) (0.26) (0.12) (0.27) (0.27) 1
PC 1 (0.30) 0.79 (0.60) (0.68) (0.11) (0.30) (0.41)
Table 5. Correlations among sprawl measures. Sprawl measures are defined in Table 3: PCI is the score of the
first principal components axis: negative numbers are shown in parentheses.
fringe-to-center consumption ratio. No cities had
both high levels of land consumption and a high
ratio of fringe-to-center land consumption, in
essence, both the core and fringe of cities with
high rates of land consumption were developed
at similar densities. Cities with high land
consuinption levels were further differentiated by
the relative amounts of driving per capita. Many
ofthe cities with high levels of daily driving per
capita have recently experienced periods of high
growth and economic prosperity.
Correlates of Sprawl: Porest Fragmentation
Background
Widespread concern about environmental
degradation as a result of regional development
patterns emerged in the 1960"s and 1970"s
(Burgess 1998). Land transformation has been
cited as the major force driving losses in
biological diversity (e.g.. Vitouseketal. 1997).
Habitat fragmentation, in particular, has been
documented as having negative effects on
biodiversity by increasing "edge effects." and
isolating animal populations at a variet}' of spatial
scales (Lovejoy et al. 1986. Laurance et al.
1997). Though rarely mentioned directly, issues
related to fragmentation, such as loss of and
limited access to open space, are often cited as
negative effects of "leapfrogging" development
(Downs 1998: Evving 1994. 1997). Sprawling
development is said to result in small, isolated
patches of habitat surrounded by land in
residential, commercial, or industrial uses. In the
mid-Atlantic region, concern about habitat
fragmentation is focused on forested habitat,
largely because forest is the climax vegetative
community in the region.
Methods
We tested the hvpothesis that the degree of
forest fragmentation in and around an urbanized
area is directlv related to the degree of sprawl.
We used forest fragmentation maps dev eloped
by Riitters. et al. (2000) from Multi-Resolution
Land Characteristics (MRLC) land-cover maps
derived from 1 992 Landsat Thematic Mapper
(TM) data, at 30 meter by 30 meter resolution.
Riitters et al. (2000) assigned one of six
fragmentation categories to each forest pixel
based on the land cover in three fixed-area
windows surrounding the pixel (9x9. 27x27.
8 1 x8 1 ). Fragmentation categories are: interior,
perforated, undetennined. transitional, edge, and
patch. We used data from the smallest scale
( highest resolution ) vv indow (9x9) for our analysis.
We considered all but the forest interior
category to be fragmented and calculated the
proportion of all forest pi.xels that were interior
forest in each urbanized area. Because sprawl
is said to affect habitat near urbanized areas, we
also calculated the percent interior forest in a
five-kilometer buffer around the urbanized areas.
Findings
Neither the proportion of interior forest
within the urbanized area nor the proportion in
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the five kilometer region around the urbanized
area were correlated strongly with any of our
measures of sprawl (Table 6).
Socioeconomic Measures
Background
Because sprawl has been blamed for a
variety of social ills, we set out to determine if
any of our measures were correlated with easily
measured socioeconomic indicators, hi Sprawl
City: Race. Politics, and Planning in Atlanta.
Bullard et al. (2000) presented arguments that
typify the discussion of socioeconomic issues
related to sprawl. Bullard et al. (2000) theorized
that government policy, including housing,
education, and transportation policies, have
subsidized separate but unequal economic
development, segregated neighborhoods, and
affected the spatial layout of central cities and
suburbs. They offer an environmental justice
framework with which to investigate the social
effects of sprawl on minority and low-income
individuals. Environmental justice encompasses
environmental racism—discrimination that
targets people of color and certain
socioeconomic backgrounds and excludes them
from planning decisions—and environmental
inequity, which denies ethnic and low-income
individuals access to employment centers.
Methods and Findings
We selected a number of socioeconomic
attributes available from 1990 US Census data
and examined their correlation with our
measures of sprawl (Table 7). None of the
attributes were correlated strongly with our
sprawl measures (Table 6). We examined
scatterplots of the moderately correlated (>0.4)
pairs and found that they were dominated by one
or two outlying values, making any
generalizations suspect. Although the
relationship is weak(r=0.43), our index of land
use separation and accessibility (DRIVE) does
appear to increase as the median age of housing
(MEDAGE) decreases. The implication is that
urbanized areas with new housing stock have a
larger separation of land uses and poorer
accessibility, resulting in more driving.
Future Work
Our sample size was relatively small in terms
ofperforming cluster and principal components
analyses, and New York was an outlier in several
respects (e.g., area, density). Applying our
PC PC LAND FCAREA
AREA LAND LAND ARF^ 9080 9080 DRIVE PCI
Forest Fragmentation
Inside UA* 0.17 0.34 (0.07) (0.13) (0.19) (0.05) (0.36) (0.04)
UA Buffer** 0.01 (O.W) 0.02 (0.22) (0.23) 0.06 (0.28) (0.05)
Socioeconomic Measures
HS% (0.12) 0.09 (0.04) 0.33 0.10 0.06 (0.42) (0.22)
GRAD% 020 (0.47) 027 0.06 0.00 0.13 020 (027)
PCINCOME 0.38 (0.45) 025 0.13 (0.12) (0.06) 0.35 (0.25)
POVERTY (0.28) 020 0.01 (0.29) 0.30 025 (0.43) (0.12)
MEDAGE 0,03 (0.26) 0.30 0.38 020 021 (0.43) (0.49)
MEDVALUE 0.56 (0.40) 0.34 022 (0.16) (0.12) 028 (0.31)
* IJ.A = US Census-defined urbanized urea
** Within a 5-kilometer bulTer around the urbanized area
Table 6. Correlations henveen sprawl measiovs and measures ofpotential environmental and
socioeconomic correlates. Sprawl measures and definitions are provided in Table 3: PC I is the score of the
first principal comporients axis: fragmentation variables are described in the text: socioeconomic variables
are described in Table ''. Negative numbers are shown in parentheses
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Percent of people age 25 >ears and older for whom high school or graduate school is the highest
level of education. Higher levels of education generally translate to higher income and increased
abilit) to satisfS preference for low-densit)' housing. Expect higher level of educational attainment




Per capita income for people age 5 years and older. In surveys, upper income individuals expressed
a desire for low-density housing and the flexibility to be mobile. Expect sprawling cities to have a
higher per-capita income. (Bullardet al. 2000)
Percent of individuals age 5 years and older who fall below the 1989 poverty line. Sprawl leaves a





Median age of housing stock in 1989. During the 1 950s- 1 970s. the influx of tract developments
created affordable. lou-densit\ housing. Expect cities with newer homes to be more sprawling.
(Dear and Elliot 200 1)
Median home value in 1 989. Real estate markets have a direct influence on cost and availability of
housing in urbanized areas. II igli costs in the citv center drive people into the fringe. Expect cities
with higher median housing \ alues to be more sprawling. ( Dear and Elliot 200 1
)
Table 7. Description of socioeconomic vanuhlcs ne correlated against our measures ofsprawl.
measures to all the urbanized areas in the US.
increasing our sample size from 49 to nearl\ 400.
might re\ eal additional trends.
Conceptually, we agree with Ew ing ( 1 994)
that accessibility and lack of functional open
space are key characteristics of sprawl. We do
not agree with his assessment of the ease with
which these characteristics can be measured.
The dail} vehicle miles data we used are an
imperfect measure of accessibility, because the>
are aggregated data that pro\ ide no infomiation
about what individual drivers are doing or w here
they are going. Personal transportation surveys
(e.g.. US-FHA 2001 ) are a better approach to
measuring accessibilitv'. because they provide
information about where people are going, and
how they are getting there. Unfortunately, they
are costly to implement and a\ ailable for only a
limited number of Metropolitan Statistical Areas.
Further exploration of accessibility measures that
can be calculated easily for all urbanized areas
would be an important contribution to the sprawl
literature.
We did not develop an> measures of
functional, public open space. These data are
difficult to develop on a national scale, because
no agency collects them consistently. It is also
unclear how priv ately owned, undeveloped lands
would be accounted for in a measure of open
space. While it is possible to delineate
unde\ eloped lands using aerial photography or
satellite imagery, determining ifthey are
functioning as desired (e.g.. as wildlife habitat) is
a more difficult task. Data on public parks might
be available in a fairly consistent form nationally,
and might prov ide an additional ineasure of spraw 1.
Shannon's entropy measure of spatial
dispersion merits further investigation (Yeh and
Li 200 1 ). In a small pilot study, we analyzed
census population data at the block level using a
geographic information system to calculate the
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degree of entropy for 14 North Carolina
urbanized areas. Entropy was calculated using
four concentric rings of equal area around an
urbanized area's center of population mass. The
largest ring had a radius equal to the longest span
from the center of population to the urbanized
area boundary-. The urbanized areas were
differentiated by entropy, which was not well
correlated with any of our other sprawl
measures. A combination of entropy and
population moments (e.g.. Malpezzi 1 999) might
allow one to refine the spatial resolution of our
density measures.
Conclusion
The essential issue being addressed in the
sprawl debate is the evolution of urban form
through time. Cities grow, with or without
planning, and develop landscape characteristics
that persist through time and determine how they
will function. The word "sprawl" is being used
to describe a contemporary urban growth form.
as well as the effects of that fonn. Galster et al.
(2000) suggested that sprawl can have a number
of dimensions, and that cities might sprawl
differently along these dimensions. Our analyses
support this notion. We calculated seven spraw I
measures and found little correlation among
them, indicating that they each measure a
different dimension of sprawl. Further, few of
our measures correlated well with Galster et al.'s
(2000); nor did they correlate with the measures
presented in USA Today (El Nasser and
Overberg2001).
With so many possible measures—none
correlated strongly with the measures of
environmental and socioeconomic issues we
examined—we found ourselves wondering, "Just
what is sprawl, anyway?" Clearly, sprawl is
multi-faceted. How sprawl is defined may
indeed be in the eye of the beholder, because
different dimensions of sprawl may be important
for different environmental and socioeconomic
issues. Conceptual models relating the
characteristics of sprawl to purported effects of
sprawl are needed to select appropriate sprawl
measures. For example, people concerned about
loss of wildlife habitat and farmland may be most
interested in land consumption and the rate at
which it is increasing (LAND and LAND9080).
Those concerned with air pollution may be more
interested in the sheer size of an urbanized area
(AREA) and the separation of land uses, as
reflected by our DRIVE measure. If traffic
congestion is the major concern, accessibility and
separation of land uses are likely to be of
paramount concern (DRIVE). In this case,
density is only important insofar as it contributes
to separation of land uses. People who agree
with Harvey and Clark ( 1965) that sprawl is best
measured by trends in density will be most
interested in our temporal indices (LAND9080
and FCAREA9080).
Rather than attempting to develop composite
indices of sprawl (e.g.. Sierra Club 1998: El
Nasser and Overberg 2001 ). it may be more
useful to examine urban development patterns
along a number of gradients. For example, our
cluster and principal components analyses
demonstrated that cities can be grouped based
on a number of different measures. These
analyses reflected the ability of spatial
configuration to differentiate groups of cities,
even with the relatively coarse data we used.
Overall land consumption rates and the relative
densities at which the urban center and fringe
are populated explained much of the differences
among groups of cities. Daily vehicle miles
traveled per person differentiated patterns at
finer scales. Although we found no strong
correlation between our individual measures of
sprawl and our measures of environmental and
socioeconomic condition, further examination of
these issues is warranted with respect to the
clusters of cities we identified.
Acknowledgements
Thanks to the U.S. Environmental Protection
Agency for funding portions of this work (to
GRH): to Kurt Riitters for providing the forest
fragmentation data: to Fatih Rifki for his insights:
to Anthony Snider for early help with the
literature review: and to those who participated
in our class spraw I panel: Robert Healy. Ben
Hitchings. Mary Kiesau. Ben Taylor, Erik Root,
andJim Wahlbrink. ®
23
References Prologue Chapter 48: Line 103 - 104. JnThe
Canterbury Tales. URL=hnp;
Anonymous. 1999. Sprawl report card. www.canterburytales.org/canterbury_tales.html.
URL=http://\v\v\v. 1 OOOfriends.org, visited 2001 May 1.
spra\vi_report_card.htm. visited 200 1 Feb 9.
Clawson. M. 1 962. Urban sprawl and speculation in
Baker, Warren. 1994. Numbers 35:5. Page 465 In The suburban land. Land Economics 38: 99-1 1 1.
Complete Word Study Old Testament - King
James Version. AMG Publishers, Chattanooga Dear. M. and M. Elliot. 200 1 . Sprawl Hits the Wall:
TN. Confronting the Realties of Metropolitan Los
Angeles. The Southern California Studies Center
Besl, J. 2000. Suburban sprawl advances. Indiana and the Brookings Institution Center on Urban
Business Journal 75(2): 5-8. and Metropolitan Policy. The Brookings Institute.
Washington DC. URL=http: wwvv.brook.edu/es/
Black, J. Thomas. 1996. The economics of sprawl. urban/la/abstract.htm. visited 200 1 May I.
Urban Land 55(3): 6.
Downs. A. 1998. How America's cities are growing:
Brown. A., C. Collins, T. Frank, K. Haddow. B. the big picture. Brookings Review 16(4): 8-12.
T- Hitchings, S. Parry. G. Vanderpool. and L. URL=www.brook.edu press REVIEW fa98/
§ Wormser. 1 998. The Dark Side of the American dovvns.pdf. visited 2000 June 8.
1
Dream: The Costs and Consequences of
Suburban Sprawl. URL=http: Duany. A., and E. Plater-Zyberk. 1 998. The Traditional
wvvw.sierraclub.org sprawl Teport98. visited 200
1
Neighborhood and Suburban Sprawl: Attributes
Co




Brueckner. J.K.. 2000. Urban sprawl: Diagnosis and visited 2001 Jan 15.
2 remedies. International Regional Science Review
^ 23(2): 160-171. El Nasser. H. and P Overberg. 200 1 . What you don't
1
knowaboutsprawl. USA Today 19(11 2): 1,2001
Bullard. R.D.. G.S. Johnson, and A.O. Torres. 2000. February 22.
ce
Sprawl City- Race. Politics, and Planning in
C
Atlanta. Island Press. Washington. DC. Ewing. Reid H.
1 994. Characteristics. Causes, and
Elfects of Sprawl: A Literature Review.
Burchell. R.W.. N.A. Shad. D. Listokin. H. Phillips. A.
Environmental and Urban Issues. Winter 1994: 1-
Downs. S. Seskin. J. Davis. T. Moore. D. Helton. 15.
M. Gall. 1 998. The Costs ofSprawl—Revisited
URL=http:/ www.nas.edu trbpublications/tcrp/ Ewing. R. 1 997. Is Los Angeles-sty le sprawl desirable?
tcrp rpt 39-a.pdf visited 2001 April 15.
Journal of the American Planning Association
63(1): 107-126.
Burgess. P. 1998. Revisiting "Sprawl": Lessons fi^om
the Past. The Urban Center Publications. Firestone. D. 2001 . Ninety's Suburbs of West and
Cleveland State University. Cleveland. OH. South: Denser in One. Sprawling in Other. The
URL=http: urbancenter.csuohio.edu/pubs/ New York Times. 200 1 April 1 7.
burgess.html. visited 2001 May 1.
Freeman. L. 200 1 . The effects ofsprawl on
Buttenheim, H. S.. & RH. Comick. 1 938. Land reserves neighborhood social ties: An explanatory
for American cities. The Journal of Land and analysis. Journal of the American Planning
Public Utilitv' Economics 14: 254-265. Association 67:
69-77.
Blumenfeld. H. 1949. On the growth ofmetropolitan Galster. G. R. Hanson. H. Wolman, S. Coleman, and J.
areas. Social Forces 28: 59-64.
Freihage. 2000. Wresting sprawl to the ground:
defining and measuring an elusive concept.
Chaucer. G. circa 1390. The Canon's Yeoman's Fannie Mae Foundation. Washington DC.
URL=www.fanniemaefoundation.org/research/
24
Galster.pdf. visited 2001 Jan 15. 1997. Biomass collapse in Amazonian forest
fragments. Science 278: 1117-1118.
Goldberger. P. 2000. It takes a village: the anti-sprawl
doctors make a manifesto. The New Yorker 76(5): Lee. J. and L. Tian. 1 998. Analyzing growth-
128. management policies with geographical
information systems. Environment and Planning
Gordon, P., and H. Richardson. 1997a. Why sprawl is B—Planning and Design 25(6): 865-879.
good. Cascade Policy Institute. Portland. OR.
URL=www.cascadepolicy.org/growth/ Legendre, P.. and L. Legendre. 1998. Numerical
gordon.htm, visited 2001 May 1. Ecology (2nd English edition). Elsevier.
Amsterdam. The Netherlands.
Gordon, P., and H. Richardson. 1997b. Are compact
cities a desirable planning goal? Journal of the Lovejoy. T. E.. R. 0. Bierregaard. A. B. Rylands. J. R. C
American Planning Association 63( 1 ): 95-106. Malcolm, C. E. Quintela. L. H. Harper, K. S. C/1
Brown. A. H. Powell, G. V. N. Powell, H. 0. R.
Gore, Al. 1 998. Remarks as Delivered by Vice President Schubart. and M. B. Hays. 1986. Edgeandother 5
Al Gore at the Brookings Institution. The effects of isolation on Amazon forest fragments. CO
Brookings Institution, Washington DC. Pages 257-285 In M. E. Soule (editor).
URL=www.brook.edu/es/urban/gore.htm, visited Conservation Biology: The Science of Scarcity
1
r—2001 May 1. and Diversity. Sinauer Associates, Sunderland.
Massachusetts, USA. >
Hanson. S. and M. Schwab. 1 987. Accessibility and
-<
intraurban travel. Environment and Planning A 19: Malpezzi, S. 1999 Estimates of the measurement and ><
735-748. determinants of Urban Sprawl in US Metropolitan
Areas. Center for Urban Land Economics.
o
O
Harvey. R.O.. and W.A.V. Clark. 1965. The nature and University of Wisconsin, Madison Wl. URL1 = mo
economics of urban sprawl. Land Economics 4 1
:
http://wiscinfo.doit.wisc.edu/realestate/pdf/ 73O
1-9. 9906a.pdfURL2= http://wiscinfo.doit.wisc.eduy m
realestate/pdf'9906a.pdf, visited 200 1 May 1
.
I
Haskell. D. and Whyte W. 1958. The city's threat to m
open land. Architectural Forum 108: 86-90. 166. Mills, David E. 1981. Growth, speculation and sprawl m








courses.ncsu.edu:8020/for610v/common/biblio, Monson, D.,& Monson, A. 1950. How can we
visited 2001 May 25. disperse our largest cities? Part 1. The American
City 65(1 2): 90-92.
Katz, B.andJ. Bradley. 1999. Divided we sprawl. The
Atlantic Monthly 284(6): 26. Monson, D.,& Monson, A. (1951). How can we
disperse our largest cities? Part 11.
Koenig. J.G. 1 980 Indicators of urban accessibility
:
The American City 66(1): 107.
Theory and application. Transportation 9: 145-
172. Mumford. L. 1953. The Highway and the City.
Harcourt. Brace & World. Inc. New York.
Kofinann.T. 1999. Even in Maine? Environment 4 1(4):
30. MjM Software Design. 2000. PC-ORD Version 4.0:
Multivariate Analysis of Ecological Data.
Kunstler. J. 1 996. Home fi-om nowhere. Atlantic Glenenden Beach. Oregon, USA.
Monthly 278(3): 22.
URL^www.thealantic.com/issues/96sep/kunstler/ Moberg, D. 2000. Heal our cities. Sierra 85(3): 74.
kunstler.htm. 200 1 Jan 3.
Montaigne, Fen. 2000. There goes the neighborhood!
Laurance, W. P., S. G. Laurance, L. V, Ferreira. J. M. Audubon 1 02(2): 60-70.
Rankin-de Merona. C. Gascon, and T. E. Lovejoy.
25
M\ers. D. and A. Kitsuse. 1999. The debate over Thompson. D. 2000. Asphalt jungle. Time 1 55( 1 7 ): 50-
future density of development: an interpretive 51.
review. Wori<ing Paper. Lincoln Institute of Land
Policy. URL=ww\v.linconinst.edu workpap Thompson. W. R. 1966. Economic problems and
myers\veb.html. visited 2000 June 7. trends. Pages 1 7-20 In US Chamber ofCommerce
( editor). America's cities - Current Problems and
NRDC (National Resources Defense Council). 1996. trends. United States Chamber ofCommerce.
Environmental Characteristics of Smart Growth Washington DC.
Neighborhoods: An E\plorator\ Case Study.
Natural Resources Defense Council. Washington Tolson. J. 2000. Putting the brakes on suburban
DC. URL=www.nrdc.orgcities/smartGrowth/char sprawl. US News & World Report 1 28( 1 1 ): 64.
charin.x.asp. visited 200 1 Jan 16.
US-DC (Department ofCommerce). 1994. The urban
Office of Highway Information Management. 1994. and rural classifications. Chapter 1 2 In
Highwa\ Statistics. 1993. US Department of Geographic Area Reference Manual. US
Transportation. Federal Highwa_\' Administration. Depai tiiient ofCommerce. Washington DC. URL-
October 1994. Report No. FHWA-PL-94-023. http:, ,wwvv.census.gov, geo/w\v"W'garm.html.
Washington. DC. visited 2001 May 3.
i Office ofHighway Policy Information. 2000. Highway US-EPA. 2000. Green
Communities: Where Are We
K Performance Monitoring Svstem Field Manual.
Going? Socio-Economic Tools: Sprawl. US
1
US Department ofTransportation. Federal Environmental Protection Agenc\. Region 3.
Highway Administration. OMB No. 2 1 250028. Philadelphia PA. URL=wwvv.epa.gov/region03/
CO
Washington. DC.
Oxford English Dictionan,. 2001. URL=hnp:
greenkil'2sprawl.htm, visited 2001 Jan 15.
US-FHA( Federal Highway Administration). 2001.
1 www.oed, visited 2001 April 12. National Household Travel Survey, 200 1 . URL=
5;
http://ww\s. bts.gov/nhts/. visited 2001 May 3.
1
Riiners. K.. J. Wickman. R. O'Neill. B. Jones, and E.
-J Smith. 2000. Global-scale patterns of forest Vitousek. P. M.. H. A. Mooney. J. Lubchenco. and J.
fragmentation. Conservation Ecolog\ 4(2): 3. M. Melillo. 1997. Human domination of Earth's
5
Rodwin. L. 1945. Garden cities and the metropolis.
ecosystems. Science 277: 494-499.
The Journal of Land and Public Utility Economics Whyte.W.H. 1958. Urban sprawl. Pages 133-156 In
21:268-281. The Editors of Fortune (editors). The Exploding
Metropolis. Doubleday and Company, Inc., New
SAS. 200 1 . JMP Version 4.0.4. SAS Institute. Cary. NC. York.
Sierra Club. 1998. What is sprawl? Wigton, C. 1953. Is \ our city a target? ? A report on
U RL=w\vA\.sierraclub.org sprawl/report98/ industrial dispersion today. The American Cit>'
what.html, visited 2001 Jan 15. 68(2): 159,161.
Staley. S. 1999. The Sprawling ofAmerica: In Defense Yeh, A.G.O. and X. Li. 1998. "Sustainable land
of the Dynamic Cit\. Reason Public Policy development model for growth areas using GIS.
Institute. Los Angeles CA. URL=www.rppi.org/ International Journal ofGeographical Information
ps251.html. visited 2001 Feb 19. Science 12(2): 169-189.
STPP (Surface Transportation Polic\ Project) 2000. Yeh, Anthony Gar-On. and Xia Li 200 1 . Measurement
Driven to Spend. Surface Transportation Policy and Monitoring of Urban Sprawl in a Rapidly
Project, Washington DC. Growing Region Using Entropy. Photogrammetric
URL=www.transact.org/Reports/driven/ Engineering & Remote Sensing 67( 1 ): 83-90.
DriventoSpend.pdf. visited 200 1 Feb 20.
26
Planning to Protect Water
and Natural Areas
Worldwide, there is a growing recognition for the need to balance development with watershed protection
and water basin management. Any sustainable effort must recognize the interdependence ofland use,
spatial development, natural areas and water resources. The Chesapeake Bay Program provides an example
ofcomprehensive, integrated and innovative water basin management. Although not
flawless, it can serve as a modelfor the development ofother regional watershed protection and management
programs in the United States and around the world.
Erica Shingara
INTRODUCTION
Overview of water and natural area
management
Urban sprawl, fragmented natural areas, and
polluted air. soil, and water challenge urban and
regional planners throughout the world. Water
and nature management is exceedingly difficult
because these resources have multiple uses, are
impacted by numerous pollution sources, and
intersectjurisdictional boundaries. The traditional
environmental planning approach to these
problems is based on the separation of urban,
rural, and environmental functions and tends to
primarily focus on the protection of natural
areas. However, this is not a sustainable method
of planning because "islands of nature will not
survive in a sea of destructive practices in
agriculture and urban developmenf " (Tjallingii.
1 996, p. 18). Therefore, planning must seek to
achieve a better balance between ecosystem and
watershed integrity and the provision of human,
social, and economic services. In order to
accomplish this, planning must recognize that
problems with water and natural areas (e.g.,
pollution, the abundance or shortage of water,
water quality, impacts of sprawl and poor habitat
quality and quantity) are interrelated.
Therefore, in order to balance the need for
grovNth while promoting watershed protection,
water basin management must recognize the
interdependence of land use. spatial
development, natural areas and water resources.
For this reason, a holistic approach to planning is
needed that integrates ecological, spatial.
environmental, economic and water management
principles into planning in order to minimize the
adverse impacts of development and land use.
There are numerous strategies for non-point
source abatement, mitigation of water quality
impacts, and the protection of natural areas
(Lundqvist. Lohm. and M. Falkenmark. 1985):
• Regiilalury approaches—nutrient caps,
pollution pemiits, cross compliance, and
river basin organizations.
• Econoinic iiisfriinienls—land
evaluation, taxes, fees, subsidies, cost
recoverv', economic incentives,
investment policies, and pennit trading.
• Analytical tools—research, predictive
modeling, monitoring, and project
evaluation.
• Management plans—that assess the
social, educational, legal, administrative,
technical, and financial factors to create
a realistic plan for the optimal integrated
manaaement of land and water
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resources (e.g.. river basin planning and
tributar\ strategies).
• Spatial ami land management
techniques—critical area programs,
transfer of development rights (TDRs)
from sensitive areas to areas identified
for growth, riparian stream buffer
restoration programs, transportation
planning to decrease emissions and
atmospheric deposition, land acquisition
programs, urban growth boundaries, and
subdivision and zoning regulations.
• Best management practices iBMPs)—
to decrease runoff from agriculture (e.g..
nutrient balance, low-input farming,
economic incentives, cost share
programs, and education), urban areas
(e.g.. separated sewage and stonn water
collection systems and designs that
decrease permeable ser\ ices and filter
pollutants), and construction areas (e.g..
erosion control techniques).
• Education and training—to achieve
coordination of land and water
management and conservation.
Combinations of these strategies are utilized
in programs throughout the w orld to promote
integrated land, water, and environmental
consenation and management. Cases
illustrating the complexity ofwatershed
management and the use of innovative
management strategies are evident in Europe
and the United States, both of which face
growing watershed management challenges.
This article examines the interstate watershed
management framev\ork of the Chesapeake
Bay Program, which consists of federal,
regional, state, and local initiatives.
The following section provides an overview
of the Chesapeake Bay Program and identifies
the three main common threats to water
resources and natural areas: !) excess nutrients;
2) poor habitat quality and quantity: and 3)
development pressures. Next, the paper
identifies the three main environmental planning
themes that guide planning and management
efforts in the Chesapeake Bay: 1 ) pollution
reduction: 2) natural area protection and
restoration: and 3) sustainable development. For
each of these themes, the strategies used to
promote these themes are described and. when
permissible, the effectiveness of the strategies is
also described. The final section evaluates the
Chesapeake Bay Program and identifies
strengths and weaknesses of its strategies, as
well as the strategies that may be transferable to
other v\atersheds in the United States and
around the world.
This examination of water basin
management programs implementing
comprehensive (i.e.. encompassing various
pollutant sources), integrated (i.e.. across
jurisdictional boundaries and policy fields), and
innovative management strategies is important
for the future advancement in water
management. The analysis presented here does
not pro\ ide a comprehensive blue print for
watershed management; conditions vary too
much from watershed to watershed for this to be
possible, and therefore policies and programs
must be tailored to the specific environmental,
geographic, hydrologic. economic, and political
circumstances of an area. This analysis only
attempts to provide an over\ iew of available
tools and a general framework for effective
water basin management.
Overview of the Chesapeake Bay
The Chesapeake Bay exemplifies a large
scale, innovative, high profile program with multi-
jurisdictional commitment. The Chesapeake Bay
is located along the central east coast of the
United States and is the U.S.'s largest estuary
with a w atershed that covers more than 64,000
square miles and extends over six states
—
Mary land. Virginia. Pennsylvania. New York.
West Virginia, and Delaware—and the District
of Columbia. The main body of the bay is
roughly 200 miles long, with an irregular
shoreline approximately 4.400 miles in length and
a surface area exceeding 23.000 square miles
(Moreau. 1997). Land use within the
Chesapeake basin is characterized as 10 percent
developed. 60 percent woodland and nature, and
30 percent agriculture. Furthermore, the bay has
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approximately 50 major tributaries: the main
tributary basins include the Susquehanna,
Potomac, James, Rappahonnock. and York
Rivers (NASDA. 1997). In addition, it includes
1 .650 local communities consisting of
approximately 15.1 million people (CBR 1999).
In reaction to emerging environmental
problems, the Chesapeake Bay Program was
formed in 1983 to promote interstate cooperation
between Maryland. Pennsylvania. Virginia, and
the District of Columbia. The Chesapeake Bay
Program has evolved into a nationally renowned
regional program that works in conjunction w ith
federal regulations, the Chesapeake Bay
Agreement, state programs, and individual local
governments.
Threats to water resources and natural areas
The Chesapeake Bay faces a number of
threats to water resources and natural areas that
present challenges to spatial, environmental and
water planning. The three main threats to water
resources and nature areas are pollution and
eutrophication. poor habitat quality and quantity,
and development pressures.
Excess nutrients
The excess of phosphorus and nitrogen
nutrients are a critical pollution problem for both
the Chesapeake Bay region. Excess nutrients
contribute to eutrophication. which is the
increase in algae growth, followed by reduced
oxygenation, lower water column transparency,
and decreased water quality that result in
adverse ecological consequences. Excess
nutrients often result from the overtlow of
combined sewage systems, urban runoff,
industry. sIuha' and silage seepage, and runoff
from agricultural areas.
Studies of the bay demonstrate that
atmospheric deposition and diffuse land
discharges are the largest sources of nutrient
pollutants affecting water quality (CBP. 1999b:
Correll. Jordan, and Weller. 1992). For example,
in 1996 diffuse sources contributed 66 percent of
the phosphorus load and 57 percent of the
nitrogen load to the bay. Whereas, atmospheric
deposition contributes to approximately 9 percent
of phosphorus and 21 percent of nitrogen
entering the bay (CBP. 1999). Important nonpoint
sources include runoff from agriculture,
construction sites, and urban areas. Therefore,
effective land use and environmental planning
controls are required to reduce nutrient losses to
the environment.
Poor habitat quality and quantity
Poor habitat quality and quantity present
another important challenge to planners in the
Chesapeake Bay basin. The Chesapeake Bay is
facing the loss of important woodlands and
wetlands which function as critical habitat and
also prevent pollutants and sediment from
entering tributaries and reaching the bay.
Approximately 59 percent of the bay basin is
forested: however, forests are lost at a rate of
about 1 00 acres per day due to suburban
development and population growth (Chesapeake
Bay. 1998). In addition, the Chesapeake Bay
region has more than 1 .5 million acres of
wetlands; however, population growth and
development pressures threaten these wetlands.
For example, between 1982 and 1989, 5 acres
per year of estuarine wetlands and 3.000 acres per
year of freshwater wetlands were lost. Therefore,
future protection and restoration of existing and
degraded wetlands and forests are essential.
Developmentpressures
Population growth and development pressure
are significant threats to the Chesapeake Bay.
Population growth triggers the demand for
development which results in the loss of
wetlands, forests, and agricultural lands.
Unmanaged development also results in
increased impervious surfaces and runoff
sprawling development patterns, and inefficient
traffic pattems that increase vehicle miles
traveled and air pollution (USGS. 1 999). The
Chesapeake Bay region will experience
significant population growth within the next two
decades and therefore officials must
conscientiously plan for the sustainable
development of the area.
The Chesapeake Bay is experiencing rapid
population growth that threatens natural areas
and water resources. For example, between
1 970 and 1 997 population within the bay"s
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watershed grew by 28 percent to 15.1 million
and is expected to grow to 1 8 million b\ 2020
(CBP. 1988). This population increase is
expected to spur the construction of 1 .7 million
new homes in the region, which under current
development patterns will consume more than
636.000 acres of forest and farmland and thus
significantly impact the ba\ "s natural resources
(CBP. 1999b). Furthermore, vehicle miles
tra\ eled has increased 1 1 7 percent between
1970 and 1997 and is expected to further
increase with intensified development (CBP.
1999b). Therefore, the region must strive to
promote etficient growth patterns and
transportation s\ stems to reduce land consumption.
\ ehicle miles traveled, and pollution.
Finally, the loss of wetlands, forests, and
agricultural lands to sprawl impacts the health of
ecosystems (USGS. 1999). Because each land
use change generates numerous en\ ironmental
repercussions, the choices of development t\pe.
location, density, construction methods, design
and way of conducting day-to-da\ acti\ iiies are
fundamental in achieving sustainable
development (Rogers. 1992). Although
incremental land use decisions, like draining a
small wetland, encroaching on a stream, and
clearing a forest appear to have limited impacts,
the cumulative impact of these changes can pose
severe environmental consequences on a larger
scale. Moreover, since the economy of the
Chesapeake Bay region relies hea\ ily upon the
health and vitality of the environment, it is \er\
important to plan for sustainable development in
order to protect, preserve and restore the water
resources and natural areas.
THE CHESAPEAKE BAY PROGRAM
Overview of the management program
Between 1950 and 1970. downward trends
in water quality and fisheries attracted national
attention to the Chesapeake Bay. In 1965. the
U.S. Army Corp of Engineers began a
comprehensive study of the bay that focused on
navigation, fisheries, flood control, noxious
weeds, water pollution, water qualit>. beach
erosion, and recreation (Moreau. 1999).
Subsequently, the Chesapeake Bay Program
(CBP) was authorized in 1975. Under the CBR
the U.S. Environmental Protection Agency was
given the authority to administer a tlve-year. $27
million study of the bay to examine water quality
problems and then recommend a management
plan for restoration.
In 1 980. the legislatures ofMaryland.
Pennsylvania. Virginia, and the District of
Columbia established the Chesapeake Bay
Commission (CBC) to promote interstate
cooperation. The CBC established the
Chesapeake Executive Council to assess and
manage the implementation of coordinated plans,
established an implementation committee to
coordinate technical matters and plan
preparation, and created a liaison office for Bay
activities. Responsibilities ofthe CBC include: 1)
identity ing concerns requiring interstate action;
2) recommending legislative and administrative
actions needed to respond to those concerns: 3)
keeping the legislatures properly informed about
the region and its resources; 4) representing the
common interest of the states in activities
involving the federal government; and 5
)
prov iding a forum for the resolution of interstate
conflicts (Moreau. 1999).
The first Chesapeake Bay Agreement was
signed in 1 983. initiating a regional partnership to
restore the bav (Chesapeake Bav
Implementation Committee. 1988). The major
participants in the program include the states of
Mar\ land. Pennsylv ania and Virginia; the District
of Columbia; the Chesapeake Bay Commission
(a tri-state governing body); the U.S.
Environmental Protection Agencv (EPA)
(representing the federal government); and
citizen participation. In addition, a second
Chesapeake Bay Agreement was adopted in
1987 and amended in 1992. This agreement
established an overall v ision for protecting and
restoring the bay. including the main goal of
reducing nitrogen and phosphorus loadings by 40
percent by the v ear 2000. Finally, in June of
2000 the Chesapeake Bay Program signed the
new Chesapeake 2000 Agreement to guide
restoration efforts throughout the next decade.
The Chesapeake Bay Program is considered
a national and international model forestuarine
restoration and watershed protection. State.
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county, and local governments within the
Chesapeake Bay watershed have initiated
efforts to protect the bay. One of the important
aspects of the program is the increased effort by
local governments and watershed organizations
to reduce pollution, monitor neighborhood water
quality, and restore habitat to improve the bay.
Local governments also play a vital role in
addressing the effects of land use and poor
spatial development patterns (e.g.. congested
roads, costly public services, the decline of open
space, destructive land uses and the deterioration
of the local environment). Local governments
contribute to the success of restoration, and
therefore the program continues to focus on their
participation as the key to the management of
land use in the watershed.
Since its commencement, the Chesapeake
Bay Program has created numerous
environmental and land use policies to encourage
sustainable development and bay restoration.
For example, in 1995 the Local Governnieni
Parfiiership luitialive was established to
coordinate the restoration efforts of 1 .650 local
governments within the Bay watershed. Also, in
1996 the Local Govenvnent Participation
Action Plan and the Priorities for Action for
Land. Growth and Stewardship in the
Chesapeake Bay Region were adopted to
address land use management, growth and
development, stream corridor protection, and
infrastructure improvements. These programs
have identified three basic management themes
that local governments can use to protect the bay
(Allen and Hall. 1999):
/. Land management and stewardsliip
involves reducing resource consumption
and costly sprawl development patterns
by encouraging the revitalization of
existing communities, the protection of
agricultural and forested lands, and
sustainable development patterns in
order to protect important environmental
areas and water quality.
2. Stream corridor protection and
restoration involves coordinating and
supporting efforts to protect, enhance.
and restore wetland and forest buffers
important for filtering sediment and
nutrients before reaching the bay.
i. Infrastructure improvements involve
upgrading, maintaining and inspecting
sewage treatment plant facilities,
stonnwater management infrastructure
and septic systems.
The CBP is constantly seeking ways to
improve existing programs and deal w ith
emerging challenges. The CBP continues to
monitor the effectiveness of policies, research
and develop new policies as well as improve
existing policies, and convey the program's goals,
policies, and restoration status to the citizens of
the region.
Strategies for water resource and natural
area protection
The following section highlights several
important strategies utilized by the Chesapeake
Bay Program to promote three main
environmental planning themes: 1 ) nutrient
reduction; 2) natural area protection and
restoration: and 3) sustainable development.
.\ulrient Reduction
To achieve the 40 percent nutrient reduction
goal, the Chesapeake Bay Program's overall
strategy is to design and implement a
comprehensive system of controls and Best
Management Practices (BMPs) with
consideration of the type of pollutants, their
sources, and other environmental, physical, and
social conditions that affect water quality'. This
broad strategy balances regulations with
incentive-based programs and delegates
implementation to the states to allow flexibility to
tailor programs to meet state-specific needs and
conditions. Under this framework, the Bay
Program focuses on reducing nutrients from both
agriculture and urban areas.
Agriculture
Agriculture covers approximately 30 percent
of the total surface area of the Chesapeake Bay
region and contributes to a significant portion of
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the nutrients entering the ba\. The nutrients are
a resuh of excess chemical fertilizers, animal
manure, sewage sludge used on tlelds. and
animal wastes that run off feedlots and pastures.
Some of the main strategies used to reduce
nutrients from agriculture sources include the
promotion of sustainable fanning practices,
nutrient management programs, incentive
programs, and tributary strategies.
Sustainable farming practices: There are
various programs promoting best management
practices (BMPs) and best management
systems (BMSs) to resolve water quality
problems in the bay watershed and promote
sustainable agriculture. BMPs are a wide
variety of techniques designed to more eftlcientK
and effectively practice agriculture and to reduce
runoff (NASDA. 1997). For example. BMPs
include vegetated buffer strips, conservation
tillage, streambank fencing, strip cropping,
alternative livestock watering systems, and
animal waste handling, storage, transportation,
and use as fertilizer. Additionally, resource
specialists advocate the combination of various
BMPs and nutrient management plans for a best
management systems approach to more
effectively reduce nutrients and improve
production. For example, this may include
combining conservation tillage practices with
grass waterways, strip-cropping, diversions, stream
side buffers and a nutrient management plan.
E.xamples of state programs promoting
sustainable agriculture are seen in Maryland and
Virginia. Mar\ land encourages the adoption and
implementation of BMPs by offering a range of
financial and technical resources to fanners
through the Maryland Agricultural Water Quality
Cost-Share Program (MACS) (NASDA. 1997).
MACS provides fanners with education and up
to 87.5 percent of the cost to install a range of
eligible BMPs to protect water quality, such as
animal waste storage facilities, grade stabilization
structures and grassed waterways. In addition,
there are more than 850,000 acres managed
under certified nutrient management plans and
more than 400 individuals certified to provide
management serv ices to fanners.
Virginia's Agricultural Stewardship Act
(ASA) created a program in which the
Department of Agricultural and Consumer
Ser\ices (DACS) works with fanners and 'ocal
Soil and Water Conservation Districts (SWCDs)
to resolve water quality problems caused by
sediment, nutrients, and pesticides from
agricultural operations (NASDA. 1997). Under
the program, the DAC receives complaints
alleging specific agricultural activities are causing
water pollution and then investigates and
oversees mitigation. The program provides a
wide variety of means and BMPs for farmers to
correct water quality problems before
enforcement action is deemed necessary. For
example, a farmer must create a plan with
"stewardship measures" and an implementation
schedule to prevent water pollution. The plan
must include a tract map. affected water feature
designation, soil maps, and a statement of
pollution problems. This program allows the
opportunity for citizens to identify water quality
problems and then provides technical, financial, and
legal support to fanners to resolve the problems.
Nutrient Management Programs: Because
of the high levels of nutrients from agricultural
lands. CBP and states have placed significant
emphasis on nutrient management programs.
The purpose of nutrient management programs is
to balance nutrient inputs and outputs by
determining the amount of fertilizer required
based on factors such as soil condition, crop
rotation, and BMPs in use. This maximizes the
benefits of fertilizers and minimizes the impacts
on water quality. With a goal of placing 3 million
acres of farmland under nutrient management
programs by 2000. the CBP's nutrient
management strategy has been regarded as one
of the most successful in the nation (CBP. 1997).
Different states within the Chesapeake Bay
region have developed their own nutrient
management programs. For example.
Pennsylvania created the Nutrient Management
Law in 1 993 to strengthen manure management
standards in order to reduce loads from
livestock. Also, in 1998 Maryland passed the
Water Quality Improvement Act, which is
regarded as the most comprehensive nutrient
management law in the country (CBP, October
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1997). The Act requires landowners with
nutrient application greater than 10 acres, farm
operations grossing $2,500 or more annually, or
livestock operations with more than eight animal
units' to prepare nutrient management plans.
Maryland provides financial assistance, technical
assistance and software packages to aid fanners
(MD Department of Agriculture, undated). In
addition. Virginia offers state tax credits as
incentives to farmers to develop nutrient
management plans and to purchase nutrient
application equipment (CBP. October 1997).
The number of acres under nutrient
management plans is an indicator of the progress
of nutrient management programs. Figure 1
illustrates that since program inception in 1986.
more than 3 million acres are projected to be
under nutrient management by 2000.
Incentive Programs: Sustainable
agriculture practices and nutrient management
programs often present high upfront costs to
fanners. Therefore, there are numerous
incentive-based strategies, in particular cost-
share programs for agricultural BMPs, to
encourage farmers to implement better
agricultural practices. Funding for cost-share
programs comes from federal agencies as well
as state appropriations. State and federal cost-
share programs assist farmers with the costs of
installation as an incentive for participation, usually
in ratios ranging from 80:20. 75:25. or in some
cases such as Pennsylvania's streambank fencing
program, 100 percent (CBP. October 1997).
Figure 2 illustrates the cost share ratios and funding
allocations for state cost share programs.
Trihiitary Strategies: Many strategies were
too general to effectively meet the 40 percent
reduction goals. Therefore, in 1992 the
Chesapeake Executive Council created the
framework for tributary strategies in order to
address the need for a more area and source
specific approach. Tributary strategies are
basin-specific nutrient reduction plans designed
for each of the ten major tributaries in the bay.
They are designed to take into account the
watershed's unique physiographic features (e.g..
hydrology, soil, and land use), political climate
and institutional structures. The strategies were
specifically created to deal with the variation in
loadings byjurisdiction. and they allow each
jurisdiction to establish tailored, comprehensive
nutrient reduction strategies that balance
regulatory controls with incentive-based
programs. Tributary strategies address three
primary areas for nutrient reduction: 1 ) wastewater








1986 1992 1994 1997 2000
Figure I. Acres in Nutrient Management Programs
33
State Cost-Share Ratio State Funding
Maryland - 50-87% cost-share ratio
- $10,000 cap/practice
- $50,000 cap/practice for
animal waste storage
- $29.9 million (1983-95)
Pennsylvania - 80% cost-share ratio
- $30,000 cap
- $3 million/year
Virginia - 75% cost-share ratio
- (cap unknown)
- $1 million/year
Figure 2: Cost-Share Program Allocations (Source: CBP. October 199 b).
process: 2) agricultural BMPs: and 3) urban stonn
water BMPs (CBP. 1994).
Another key component of all tributary
strategies is public involvement to increase local
commitment to the bay's restoration. In
particular, there is emphasis on consensus
building among major stakeholders, such as
farmers and the larger agricultural community, as
a way to increase ownership of the plan among
constituencies and encourage participation during
implementation stages. However, lack of
authority and resources and unclear roles and
missions present some weaknesses of this
approach (CBP. October 1997). Nevertheless,
the states continue to support this framework
with the belief that local support, locally tailored
strategies, and collaboration will significantly
enhance the long-term effectiveness and
sustainability of watershed based nutrient
reductions (CBP, October 1997).
Another important aspect of the tributary
strategies program is the introduction of nutrient
trading in order to address differences in the
cost-effectiveness of nutrient reduction
strategies among various tributaries. Because
some tributaries, like the Susquehanna Tributar}'
Strategy, fall short of meeting the required 40
percent nutrient reductions, nutrient trading was
introduced to compensate for this shortfall by
recognizing the increased reductions in other
tributaries (CBP. October 1994). Therefore, a
1 992 Agreement allows for reallocations of the
40 percent goal to other tributaries outside of the
Susquehanna basin (CBP. 1994). All states are
considering effluent trading programs but have
not yet formally institutionalized the necessary
framework.
Lrban water
Nutrients from urban areas originate from
municipal wastewater treatment plants, sewer
overflows and runoff from urban areas (e.g..
lawns, roadwavs. and other developed areas)
(NASDA. 1997). Urban best management
practices and wastewater treatment plant
upgrades are strategies used to decrease
nutrients from urban areas. Urban best
management practices include erosion and
sediment controls on areas under development
and stormwater controls in developed areas.
These practices are applied by industrial,
commercial, and residential facilities to manage
lawns, open spaces, and construction sites.
E,\amples include erosion and sediment control,
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stormwater management, and septic system
maintenance.
Wastewater treatment plant upgrades are
another primar\ control strategy to reduce
nutrients. For example. Biological Nutrient
Removal (BNR) technology, an advanced
nutrient removal system, has been installed in 43
major wastewater treatment plants in the
Chesapeake Bay basin. Currently. 48 percent
of the flow is treated by BNR and 64 percent of
the flow will be treated using BNR after the full
impleinentation of Tributary Strategies. This will
lead to a considerable decrease in nutrient loads
from municipal wastewater treatment plants.
Effectiveness ofnutrient reduction strategies
In 1997. the CBP completed a
comprehensive water quality assessment to
evaluate progress toward the 40 percent
reduction goal. Figure 3 illustrates the reductions
in nitrogen and phosphorus between 1985 and
2000. Phosphorus loads declined by 6 million
Ibs./yr between 1985 and 1998 (mostly due to a
ban on phosphates in detergents) and the 40
percent reduction goal was satisfied. However,
nitrogen loads declined by 42 million Ibs./yr and
the 40 percent reduction goal was fwt satisfied.
Therefore greater emphasis must be placed on
reducing nitrogen loads.
Natural area protection and restoration
The Chesapeake Bay relies on coordinated
public and private actions to protect forests and
wetlands in the bay"s watershed. Strategies
used to protect and restore natural areas are the
Riparian Forest Buffer Initiative, preservation
programs, and the Wetlands Initiative.
Riparian Forest Buffers Initiative
Protecting riparian forest buffers through
acquisition, easements, and development
regulations is important for water resource and
natural area protection. Nearly 50 percent of the
bay's riparian- forests have been converted to
other land uses or degraded. It is important to
protect and restore riparian forest buffers because
they filter pollutants such as nutrients, sediment,
and pesticides in surface and groundwater, and
reduce downstream impacts for floods (CBP.
March 1999). Nutrient and sediment reductions of
30 to 90 percent can occur when runoft'and
groundwater pass through riparian forest buffers.
In addition, riparian buffers are recognized as an
effective control measure to maintain streambank
stability, enhance and restore stream habitat,
provide corridors for wildlife, and provide cooler
water temperatures, leaf litter, and cover for
aquatic species.
With over 1 1 1 ,000 miles of perennial and
intermittent streams in the Chesapeake Bay
watershed, protecting riparian forest buffers is a
challenge. In 1996. a Riparian Forest Buffers
Initiative was adopted to increase riparian
buffers' on 2,010 miles of stream and shoreline
in the watershed by the year 2010 (CBP, 1999a).
In order to reach this goal. Maryland and
Pennsylvania will restore 600 miles. Virginia will
restore 610 miles, and D.C. and federal lands
Phosphorus
1985 1997 2000 Goal 2000
Actual
Figure 3: EJfecllveness ofNulrienl Reduction Strategies (Source: Chesapeake Bay Program, 1999).
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will restore 200 miles of riparian forest buffers.
As part of this initiative, the Chesapeake Bay
Program and signatory jurisdictions re\ ise or
adopt local zoning and subdivision ordinances,
comprehensive land use plans, and regional or
watershed stonnwater management plans to
restore riparian buffers. Additional restoration
efforts involve small grant programs, federal-
state partnerships supporting Conservation
Reserve Enhancement Programs, cost-share
programs. ta,\ breaks, easements, and
acquisition. The results of restoration efforts are
promising. Between 1996 and 2000.
appro.ximately 71 1 miles of riparian forest buffers
were restored, which is 35 percent of the 2010
restoration goal.
Preservation programs
The Chesapeake Bay Program seeks to
permanently preserv e critical environmental
areas and relies on public-private partnerships to
achieve this goal. The 2000 Chesapeake Bav
Agreement guides the next decade of restoration
in the Chesapeake Bay watershed. This new
agreement has committed members to
"...permanently preserve from development 20
percent of the land area in the watershed by
2010" (CBP. December 2000). This goal
translates into permanently preserving 7.783.856
acres from development. The CBP plans to
permanentK' protect this land through perpetual
conservation or open space easement or fee
ownership, held by a federal, state, or local
government or non-profit organization.
It is estimated that 6.688.757 acres are
currently preserved by all signatory jurisdictions.
Of this total amount, approximately 2. 1 1 6.305
acres are owned by the federal government.
4.209.227 acres are owned or eased b\ the state
governments. 282.29 1 acres are owned by the
local government, and 80.934 acres are owned or
eased bv' nonprofit or other private sources.
Subtracting from the acres of land already
preserved, there are an additional 1 .095.099
acres remaining to preserve in order to meet the
20 10 goal.
The Wetlands Initiative
Nearly 1 .5 million acres of wetlands occupy
the Chesapeake Bay watershed, but increasing
population and development pressures are
degrading and destroying both tidal and nontidal
wetlands in all of the Chesapeake Bay states
(CBP. undated a). The Chesapeake Bay
Program has recognized the important role that
wetlands play in the overall health of the bay and
its living resources and has committed itself to
protecting and restoring wetlands. In 1 988. the
Chesapeake Bay Program developed the
Wetlands Policy Implementation Plan which
established a "no net loss" goal for the
watershed. The plan called for fostering the
protection of wetlands through four strategies: 1)
the inventory and mapping of wetlands; 2) the
protection of existing wetlands: 3) the
rehabilitation and restoration ofdegraded
wetlands: and 4) education and research. In
addition, in 1 997 the CBP developed strategies to
identify and track wetlands in the Chesapeake
Ba\ watershed to achieve a net gain in wetlands
acreage and to assist local governments and
watershed groups in wetland management.
Mar\ land. Virginia, and Pennsylvania have
tidal and nontidal wetlands programs to help
develop policies and regulations toward wetland
protection. In addition, the states have taken
steps to protect wetlands beyond the regulatory
programs. For example, in 1996 Maryland
established a 60.000-acre wetlands net-gain goal,
and Pennsylvania has stricter mitigation
requirements under their regulatory wetlands
program. In order to assist the states with
wetlands protection, the 1997 Chesapeake
E.xecutive Council adopted an additional
wetlands policy designed to speed the restoration
and protection of wetlands in the Chesapeake
Bay basin. Under Directive 97-2. Wetlands
Protection and Restoration Goals, the CBP
focuses efforts for achieving no-net-loss of
wetlands and to move toward a net gain in the
Chesapeake Bay watershed. Under Directive
97-2, the CBP and its partners are committed to
complete and publish wetlands status-and-trends
reports everv five vears. to develop state
strategies for achieving net gains, to publish a
community-based approach to wetlands
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preservation and restoration, and to develop
qiiantitlabie wetland restoration goals. Despite
these efforts to protect and restore wetlands,
however, wetland loss still continues.
Effectiveness ofnatural area protection and
restoration
With more than 90.000 acres ( 1 50 square
miles) ofopen land consumed annually by
growth in the Chesapeake Bay States, the
protection and restoration of natural areas is
increasingly important as well as challenging.
Public and private institutions have united to
protect and restore riparian forest buffers,
preserx e important environmental areas, and stop
wetland degradation. The results of current
efforts are promising, but continued future
support is required. In order to meet its goals,
the program must restore 1.299 acres of riparian
forests, preserve over 1 million more acres of
land, and continue to strive for a net gain in
wetlands. This will require significant
cooperation and commitment from national, state,
and local governments and nonprofits.
Sustainable Development
To promote sustainable development, the
Chesapeake Bay primarily relies on voluntary
county and local governmental actions, like
development management tools, to control land-
use planning, water and sewer planning,
construction, and other growth-related
management processes (Allen and Hall. 1999).
Bay restoration and protection programs
concentrate on coordinating local initiatives
involving land use management, stream corridor
protection, and infrastructure improvements.
The follow ing highlights some ofthe important
development and land use management
strategies utilized by state, county, and local
governments within the Chesapeake Bay
watershed. Tools described and assessed
include critical area regulations, urban growth
boundaries, infill/community redevelopment,
transfer ofdevelopment rights, subdivision
requirements and cluster zoning, and potential
funding strategies for water resource and natural
area protection.
State critical area regulations
Both Virginia and Maryland utilize critical
area regulations to protect important lands
adjacent to the bay. Critical areas are t\ pically
identified on a state and regional basis because
natural areas cross political jurisdictions and
therefore require the cooperation of multiple
jurisdictions. Critical area regulations provide
multi-jurisdictional commitment and long range
planning for significant natural resources.
Programs require a broad range of skills and
resources for planning, legal justification, and
financing, in addition to incorporating various
development management tools to balance
development and conservation.
For example. IVIar\'land adopted the
Chesapeake Bay Critical Area Protection Law in
1 984. declaring that the state has a critical and
substantial interest in fostering more sensitive
development activity along the Chesapeake Bay
shoreline in order to minimize damage to water
quality and natural habitats (Malone. 1990;
Godschalk. 1987). The Act defines the critical
area as "lands beneath the Bay and all uplands
within 1 ,000 feet of tidal water or tidal wetlands"
and classifies existing development within the
critical areas as:
1. intensely developed areas—existing
developed areas where new growth
should occur and improvements to water
quality and water conservation are
stressed:
2. limited developed areas—development
is allowed as long as it does not change
the established density and pre\ailing
land use and it must improve water
quality and conserve existing natural
habitat; and
3. resource conservation areas—
development cannot e.xceed an overall
density of one development unit (du)/acre.
In addition, local governments are required to
develop local zoning and development plans that
include limiting commercial and industrial
development, reducing impervious surfaces,
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protecting shore erosion, and describing
landscaping requirements.
Man, land's Critical Area Protection Law has
been considered to be one of the most e\tensi\e
and inno\ ati\e coastal area protection programs
in the countn, ; however, there are some
criticisms of the regulation. For example, some
criticize that the standard, uniform specifications
are over-simplistic in that they disregard the
differences between shore locations and fail to
recognize the potential use of performance
standards to mitigate environmental impacts. In
addition, the restrictions limiting residential
development on land abutting the ba\ has
affected housing prices. Critical area restrictions
increase housing prices because they limit the
suppl\ of land a\ ailable for housing construction
and increase the \alue of the shoreline
development as an amenity, which is capitalized
into the \alue of land and housing prices
(Parsons. 1992). A study of housing price
increases resulting from Mar} land's critical area
restrictions estimated that housing prices for
areas with water frontage increased between 46
and 62 percent, prices for housing w ithout
frontage increased between 14 and 27 percent,
and prices for housing near but not in the critical
area increased between 13 and 21 percent
(Parsons. 1992).
Urban growth boundaries
An urban growth boundary is a planning tool
that guides future development by delineating an
arbitrary line around a geo-political region in
order to distinguish areas appropriate for urban
expansion from areas appropriate for agriculture,
rural, and resource protection (Frankel, 2000).
The boLmdar\ should also coordinate with a
strategy that pro\ ides the necessar} urban
services to ensure efficient and timeK
development. Urban growth boundaries not only
serve the local community by encouraging more
cost-efficient de\ elopment. thev also can
improve the health of the bay b\ promoting
compact urban development and preserv ing
important natural areas from development (CBP.
1997a). For example, urban growth boundaries
can limit the number of vehicle miles traveled,
protect important environmental areas, and
reduce impervious surfaces.
An example of a communit} using urban
growth boundaries as a de\ elopment
management tool w ithin the Chesapeake Bay
watershed is the Isle of Wight Count}. VA. The
Isle of Wight County created Development
Ser\ ice Districts that coincide w ith major
transportation corridors and future sewer serv ice
expansion plans in order to protect important
rural lands from development (CBP, 1997a).
Within the districts, the county assumes the
responsibilit} ofproviding infrastructure,
therefore decreasing development costs and
encouraging de\ elopment w ithin the districts. In
addition, the count}- revised land use
management ordinances to establish
performance standards for landscaping, control
of access, lot coverage, and buffering in order to
better manage development and protect sensitive
environmental and agricultural areas.
Infill/community redevelopment
Promoting infill de\ elopment allows a
communit} to revitalize existing urban areas.
pro\ ide adequate and affordable housing, utilize
existing infrastructure and reduce the
consumption of rural and environmentally
sensitive lands. Infill development benefits the
region by reducing the number of vehicle miles
traveled, reducing the need for septic systems in
rural areas which contribute to excess nutrients
within the ba}. and encouraging the clean up of
contaminated sites for future use which reduce
the amount of toxic pollutants entering the bay.
An example of a communit} w ithin the
Chesapeake Bay that actively promotes infill
development is Lititz Borough. PA (CBP. 1997a).
Lititz Borough is located in Lancaster County
and has policies to sustain a vibrant downtown
center, preserve the town's historic district, and
preserv e rural lands. In order to promote infill
development in downtown. Lititz Borough has a
sev en-} ear tax abatement program for
commercial and industrial businesses that locate
within the downtown. In addition, the town also
utilizes an urban growth boundan* to promote
growth in designated areas and to discourage
spraw I outside ofthe town's limits. Lititz
Borough is an example ofhow a community
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coordinates different development management
techniques to encourage economic development,
compact urban form, and environmental
sustainabilitN. The utilization ofdifferent
development management techniques to promote
infill and prevent pollution contributed to Lititz
Borough's designation as a Gold Chesapeake
Bay Partner Community for efforts to protect its
land, rivers, and the bay.
Transfer ofdevelopment rights (TDR)
The Transfer of Development Rights (TDR)
is a tool that allows for the transfer of
development rights of one parcel in exchange for
the right to develop another parcel more
intensely (Smith, 2000). TDR serves as a
market-driven, incentive-based development
management tool that provides compensation to
a landowner without the need for expensive
public acquisition (CBR 1997a). Benefits to the
bay include pemianently preserving
environmentally sensitive areas, forests, and
agricultural lands that serve as natural pollution
buffers and filtration areas for water quality. In
addition, it minimizes the number of septic
systems, amount of impervious surface, and the
number of vehicle miles traveled.
Montgomer\' County, MD maintains a
careful land management program with more
acres preserved under legal protection than any
other urban county in the nation. In 1997. over
93,000 acres, nearly one-third of the county, was
preserved under legal protection (Allen and Hall,
1999). The County designated 90,000 acres
within the sending areas, and has downzoned the
area from 1 du/ 5 acres to 1 du/ 25 acres and
has allowed one credit per five acres to sending
area owners (Smith, 2000). In addition, the
county has designated receiving areas where
public facilities and public services can support
higher density development. The program has
been relatively successful; approximately 6,629
development rights from over 400 properties
have been severed by easements for a land area
of 43,993 acres. Of these, only 5,123 have been
transferred to receiving zones. The success of
Montgomery County's program is attributed to a
land market that promotes TDR sales from the
sending areas to the receiving areas, the
appropriate determination of the value ofTDR's
to buyers and sellers, and a clear program that
has been properly marketed to landowners,
developers, realtors, bankers and attorneys
(CBP, 1997a). However, one drawback of the
TDR program is that from a regional
prospective, Montgomery County cannot prevent
development from areas outside its borders.
Subdivision requirements and zoning
Subdivision regulations can play an important
role in the protection of important natural areas.
For example, cluster zoning allows for the
protection of rural character and minimizes the
impacts on resource lands by focusing growth
into smaller areas of a parcel and preserving the
remainder as open space or farmland.
Clustering can improve stormwater management
by allowing stormwater to be channeled and
detained in detention ponds located within the
open space. In addition, specified vegetated
buffer requirements within subdivision
regulations are important to filter sediments and
pollutants, reduce Hooding, and protect water
quality within the watershed.
Howard County, MD, located between
Washington D.C. and Baltimore MD, has
adopted subdivision controls and cluster zoning to
mitigate the effects of rapid growth that threaten
rural areas. For example, Howard County's
Subdivision and Land Development Regulations
require wetlands to be placed in open space
when it is created, a buffer of 25 feet around
nontidal wetlands, a buffer of 75 feet along
perennial streams in residential zoning districts,
and a buffer of 50 feet along intemiittent streams
and along perennial streams in nonresidential
zoning districts (Howard County, 1999).
Furthermore, because the county's three acre lot
minimum was not adequate to handle growth
pressure, in 1992 the county adopted three rural
cluster districts with specific guidelines to aid
developers in subdivision design (CBP, 1 996):
/. Rural Conservation (RC) allocates
priority to agricultural uses and permits
residential use at a density of 1 dwelling
unit per 4.25 acres with mandatory
clustering on parcels greater than 20
39
acres:
2. Rural Residential (RR) applies to areas
where the most extensive subdi\ ision
has alread} taken place and is intended
to accommodate most of the demand for
rural residential development as infill:
and
3. Density- Exchange Option (DEO) is an
overlay district that covers all lands
within the RC and RR districts. Density
may be exchanged between qualified
sending and receiving areas. The intent
is to give fanners considerable flexibility
in transferring density away from the
best farms to those locations that have
the least long-term \ iabilits for
agriculture.
Howard County's subdivision regulations and
cluster zoning has been relatively successful, and
there has been a strong demand for clustered lot
subdivisions. In addition, an assessment of
Howard County's General Plan cites rural
clustering and density exchange as de\ ices to
help achieve its goal of 30,000 acres under
protection from future development (Howard
County, 1999). However, the county did not
achieve greater use of shared septic systems to
create tighter rural clusters because costs and
the agencN approval process discouraged
implementation.
Potentialfunding strategies for protecting water
resources and natural areas
There are \ arious funding strategies used in
the Chesapeake Bay region to support
sustainable development. First, a special
assessment district can be used to protect or
improve a special geographic feature. A special
assessment district is an independent government
entitv' formed to finance governmental services
for a specific geographic area, such as a stream,
small watershed district, or natural resource
management district. Residents of the special
district pay taxes to finance specific
improvements that will benefit them or resolve a
community problem, like excessive runoff in the
district. For example, residents interested in
reclaiming a wetland or improving a waterway
can use a special assessment district to manage
and finance the project.
Second, a stormwater management utility is
an enterprise that can charge landowners a fee
based on parcel size and the degree of
development. The revenue from this fee can be
dedicated to stormwater management activities,
such as retrofitting existing systems or providing
sediment and erosion control. Third, wetland or
forest banking can be used to replace a wetland
or forest destroyed by development. Mitigation
banks facilitate the administration of a system
where appropriate areas for wetlands or forests
are matched with developers in need of
satisfy ing off-site mitigation requirements.
Fourth, local governments can utilize a State
Revolving Fund where the state provides funds
to finance both public and private sector projects
that enhance or protect water quality. Projects
may include septic system repair or replacement,
erosion control, upgrading wastewater treatment
facilities, or the construction ofanimal waste
storage facilities. Finally, an endowment fund
from a public or private organization can be used
for a variety of projects, such as wetlands and
habitat creation/restoration, tree planting and
streambank stabilization.
Effectiveness of development strategies
The effects of development management are
diftlcult to determine empirically; however,
recent modeling efforts indicate the potential
effects of different development scenarios. An
analysis presented in Integrating Build-Out
Analysis and Water Quality Modeling to
Predict the Environmental Impacts of
Alternative Development Scenarios (1998)
indicates the potential results from different
buildouts within Maryland's Patuxent River
watershed. The Mary land Office of Planning
(MDOP) modeled land and water resource
impacts of three different development
alternatives (CBR March 1998):
/. 2010 Base Zoning ("worst case
scenario"), portraying new development
according to current zoning but without
the influence of other existing county
40
subdivision and environmental
ordinances and without BMPs for
nutrient management;
2. 2010 Current Programs, portraying
new development under current zoning,
subdivision, and environmental
regulations, as well as implementation of
agricultural nonpoint source pollution
control; and
3. 2010 Directed Growth, portraying
enhanced levels of growth management,
land conservation, and pollution control
practices included in Mary land's
Tributary Strategies, such as forest
conservation, stream buffer protection,
rural clustering, increased development
potential in growth areas, transfer of
development rights, extending sewer
service in designated growth areas,
protective agricultural zoning, and the
purchase of development rights.
The results of modeling the three scenarios
suggest that implementation of both growth
management and pollution control options are
essential in maintaining nutrient load caps beyond
the year 2000. In the year 20 10. modeling
results suggest that pollution levels will be much
lower if growth and new development is well
directed. In addition, growth management
applied in conjunction with other management
tools, such as BMPs, will be one of the most
important factors determining future pollution
levels. For example. MDOP estimates that in
the year 20 1 0. nitrogen pollutant loads to the
Patuxent River watershed could be about
1 . 1 4 1 .000 pounds lower if "Directed Growth."
"Resource Protection," and BMP options were
used to manage growth. In addition, by the year
2010, stream quality would degrade in nearly half
of the Patuxent watershed under the Current
Programs, while under the Directed Growth
scenario stream quality would limit degradation
to about one quarter of the watershed. The
modeling results suggest the importance for
state, county, and local governments to continue
to pursue sustainable development strategies.
EVALUATION OF THE CHESAPEAKE
BAY PROGRAM
The water resource and natural area
management approach of the Chesapeake Bay
exemplifies a comprehensive, integrated, and
innovative management program that can serve
as a model for the development of future
programs. The following section evaluates the
program to protect water resources and natural
areas. It identifies the strengths and weaknesses
of the Chesapeake Bay Program and some of
the strategies that can be applied more broadly in
this country and abroad.
Although millions of dollars have been
spent on bay restoration programs since the
Program originated in 1983. measuring the
effectiveness of any program is difficult because
of the indistinct link between programs and
improvements to water quality and natural areas.
However, a general assessment of the strategies
utilized by the Chesapeake Bay Program
demonstrates a number of significant strengths.
Overall, the Chesapeake Bay Program displays
good interstate and intrastate cooperation and
community involvement. The program goes to
great lengths to promote community outreach
and provides many opportunities for citizen
involvement. In addition, the program is
improving its monitoring systems and includes an
integrated goals and indicators system that
clearly illustrates the status of restoration efforts.
The Chesapeake Bay Program has also
created innovative nutrient reduction strategies.
For instance. Tributaries Strategies are a flexible
and area-specific approach to nutrient reduction.
In addition, the Chesapeake Bay has advanced
cost-share programs that encourage farmers to
implement BMPs. In addition, governments and
non-profits within the Bay have successfully
collaborated to protect millions of acres of
natural areas and hundreds of miles of riparian
forest buffers. Furthemiore. the Chesapeake
Bay Program is proactively coordinating the
support of the 1 .650 communities w ithin the Bay
for a bottom-up approach to development
manauement.
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Howe\er. the Chesapeake Bay still faces
se\ eral issues that will require the additional
attention from polic\ makers, local go\ernments.
and community meinbers. For example, the
nutrient reduction strategies have not effectiveK
reduced nitrogen loads. More innovati\ e
strategies must be developed (such as market-
oriented nutrient trading programs) and more
mone\ should be allocated to cost share
programs to help farmers implement BMPs.
Moreo\ er. additional efforts are needed to hah
wetland degradation in order to achieve the goal
of a no net loss of wetlands. The Chesapeake
Bay could learn from more effective natural area
protection programs and nutrient reduction
strategies alread> implemented in places like the
Netherlands. FinalK. since many of the
sustainable de\ elopment strategies are
dependent on market and private developers,
there is great uncertainty to whether
development management techniques will
effecti\ eh intluence private developers.
CONCLUSION
Lastly, an examination of water basin
management prograins that implement a holistic
approach that encompass comprehensiv e.
integrated, and innovative management strategies
is important for promoting sustainable
de\elopment. The Chesapeake Ba\ case stud\
illustrates the complexity of water and nature
management and the creation of inno\ati\e
management strategies, it display s various
approaches to promote nutrient reduction, natural
area protection and restoration, and sustainable
development. For example, noteworthy
strategies that mav serve as models for future
management plans include the Chesapeake
Ba\ "s Tributary Strategies, cost-share programs
that alleviate costs for farmers implementing best
management practices, the Riparian Forest
Buffers Initiativ e. and various development
management techniques designed to promote
efficient development. This analysis does not
serve as a comprehensive blueprint for
management: policies and programs must be
tailored to the specific environmental,
geographic, hydrologic. economic, and political
circumstances of an area. However, many of
these strategies may be applied to management
sv stems in other regions and countries to
improve water resources and natural area
protection. <S^
' 1 ,000 pounds live weight = one animal unit.
- Riparian areas are lands adjacent to a body of
water, such as streams, rivers, marsh, and
shoreline.
' According to the Initiative, a riparian forest
buffer is defined as "a conservation width of at
least 1 00 feet on each side" (GBR March 1999).
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